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University  of  Ai.berta, 

Edmonton,   Alberta, 

February    14th,  1923. 


Hon.  Herbert  Greenfield, 
Fiov'inclal  Secretary^ 
Edmonton,  Alta. 


air; 


Under  instruction  from  the  Scientific  and  Industrial 
Researcli  Council  of  Alberta,  I  herewith  submit  their  Third  Annual 
Report.  This  covers  the  work  done  under  their  direction  during 
the  year  endinj;  December  31st,  1922. 


Respectfully  submitted. 


Edgar  Stansfield, 
Honorary  Secretary. 


THIRD  ANNUAL  REPORT  OF  THE  SCIENTIFIC 

AND  INDUSTRIAL  RESEARCH  COUNCIL 

OF  ALBERTA 


PERSONNEL  AND  MEETINGS  OF  THE  COT^NCIL 

No  cli.uiii'es  occurred  in  tlii'  i)C'rs()iiiu'l  of  the  Council  ilurinjj;  the 
year.    This  is  as  given  below: — 

Hon.  Hehhert  Gheknfield,  Provincial  Seci-etarv.  Chainnan: 

H.  M.  ToKY,  President,  University  of  Alberta:' 

J.  T.  Stirling,  Chief  Inspector  of  Mines,  Province  of  Albeita; 

J.  A.  Allan,  (ileolojrist.  University  of  Alberta; 

N.  C.  Pitcher.  Mininui:  Engineer,  University  of  Al])erta; 

Fjhjar  Stansfielo,  Honorary  Secretary. 

Six  nieetinji's  of  the  Council   were  iield   duriuiLr  the  year,   with 
a  fidl  attendance  at  five  of  them. 


STAFF 

The  following  changes  have  been  made  during  the  year: — 

F.  C.  Smith  became  Laboratory  Assistant  on  Febi'uary  10th, 
and  left  on  May  23rd. 

H.  D.  Moon  took  over  this  work  on  May  24th. 

S.  M.  lihiir  commenced  work  as  Assistant  Engineer  in  the 
Koad  Materials  Division  on  November  21st. 

The  permanent  staff  oil  December  31st,  1922,  was  as  follows: — 

En(;AR  Stansfieli),  Pesearch  Engineer,  Fuels] 
K.  A.  Clark.  Kesearch  Engineer,  Road  Materials^ 
P.  T.  TIoELiES,  Assistant  Kesearch  Engineer,  Fuch; 
S.  M.   1)1, AIR,  Assistant  Engineer,  Uoatl  Materials] 
A.  1>.  C()(;iiiLL.  Pccording  Secretary; 
II.  D.  Moon,  Laboratory  Assistant. 

In  addition  to  the  above,  I'l-ofessors  J.  A.  Allan  and  N.  C. 
I'itclicr,  of  the  University  (tf  Albei-ta,  Members  of  the  Council, 
aic  in  i)ermanent  charge  of  the  Council's  research  \vorl<  in  (Jeology 
and  in  Mining  Engineering,  respectiyel3\ 

Other  members  of  the  Lniversity  Staff,  notably  Professors 
Kelso,  Robb,  Wilson,  A.  E.  Camer()ii  and  Morrison,  are  giving 
assistance  from  time  to  time,  and  two  Demonstrators  in  Mining 
Engineei'ing.  J.  W.  Lewis,  dui'ing  the  first  five  months  of  the  year, 
aufi  X.  II.  Atkinson,  during  the  last  (hrce  months  of  the  year,  gave 
much  of  their  lime  to  llie  Counrirs  ivseai-ch  on   fuels. 
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Tn  the  Ge()l()<riciil  Division.  Di-.  Allan  was  assisted  l»y  tlio  fol- 
iowinii:  temixtrarv  niombers  of  the  staff,  both  in  the  field  \vork  and 
in  the  pre] )a rat  ion  of  re])orts: — 

11.  L.  IviriiKiu-oui).  Field  (ieoloirist  in  <  liar;j;e  of  sui-M'\;  work  in  the 

Saunders  Creek  and  Norde<r^"  coal  basins; 
.1.  ( ).  (J.  S.ANOKitsoN,  Field  Assistant  on  the  same  sni'vev  pai-ty: 
A.   E.  Cami:iu)S.  Field  Cieoloijist   with  the  siir\-ey  of  the  north  shore 

of  Lake  Athabaska  ; 
\i:n.\   y.   S'rovKR  acted   as   ( leolojiica!   ( )Hice   Assistant,  and    looked 

after  coi"respon(l(>nce  and  the  compilation  of  information  on  the 

mineial  resources  of  Alberta. 

In  a(i<litio!i  to  the  al)o\-e.  foui-  othci'  men  held  subordinate 
positions  in  the  survey   parties  in  the   Foothills. 

ORGA.XIZATIOX 

In  tlie  oriianization  of  the  Fni\'ersity  of  Albei'ta  the  staff  of 
the  Research  Conned  constitutes  the  Industrial  Kescai-ch  Depart- 
ment, and  the  lleseai'ch  Council's  laboiatories  ari'  rtd'erred  to  as  the 
Inchistrial  Research  Laboratories. 

In  the  organization  of  the  Provincial  (iovcrnn cut  the  woik  of 
the  Research  Council  is  attached  to  the  Department  of  the  Pro- 
\in<-ial  Secretar}^ 

LAliORATORlKS  aXD  FQIIP.MFXT 

The  laboialoi-y  acconimodaticn  granted  by  the  lioard  of  (Jov- 
ernors  of  the  University  foi-  the  work  of  the  Research  Council, 
and  also  the  general  facilities  of  the  University  made  available  for 
such  work,  Avere  outlined  in  last  year's  report.  During  the  year 
further  work-benches  have  been  installed  in  the  laboratories  of  the 
Lidustrial  Research  Department,  the  coal-l)ri(iuetting  equipnient 
has  been  set  up  in  the  Crushing  Room  of  the  ^Fining  Fngineering 
Department,  and  some  work  on  the  sei>aration  of  l)ituminous  sands 
has  also  been  carried  out  in  the  laboratory  of  the  latter  depai'tment. 

The  pi'inci])al  items  of  ni'w  e(|uipment  ac(|uired  dui'iug  the  year 
are  as  follows: — 

Coal  l)ri(|uetting  plant.  Sturtevant  coal  crushej"-sami)ler.  four 
recording  thermometers,  barometer,  three  chemical  balances,  auto- 
clave, universal  mixing  machine,  Dulin-Rotarex  asphalt  extraction 
apjiaratus  and  a  motor-di-iven  AVing  "Scruplex"  fan  ac(|uired  by 
|)urchase : 

Also,  calorimetei-  for  use  with  hot-aii-  furnaces,  poi'table  coal 
cni>her-sami)ler,  rilUe  sami)lei'.  coal  di'ier.  set  <tf  ci-ntrifnge  cups, 
automatic  gas  samplei',  gas  meter  |)ro\er  and  many  pieces  of 
aj)paratus  for  use  in  the  bitunnnous  sand  sei)aralion  plant,  all  of 
which  were  (lesigned  and   largely  constructed  at  the  University. 

A  large  .Tacobsen  c^  Schraedei"  model  screen  for  coal-screening 
tests  was  ])urchased  from  the  Manitoba  liridge  &  Iron  AVorks.  but 
was  not  delivered  in  time  to  be  set  up  iluring  the  year.  I'^urthei" 
progress  was  n:ad"  with  the  Reseaich  IJeference  Library,  for  which 
suitable  accommodation  has  now  bi'en  pi(»\i(.led  in  Room  14s  in  the 
Arts  Building. 
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FUELS 

Tlie  work  on  fuels  desciibed  in  previous  reports  has  been  con- 
tinued, and  new  work  commenced.  Three  carload  samples  of  coal 
have  been  received  and  tested,  and  storaire  work  is  still  in  proirress. 
The  number  of  carloads  received  is  smaller  than  that  for  the 
previous  year,  but  it  should  be  i)ointed  out  that  durino;  this  year 
tests  were  still  in  progress  on  all  the  ten  samples  previously 
received.  Three  of  these  were  completed  duriu<j;  the  year,  and  three 
new  samples  received,  as  .stated  above,  so  that  storage  tests  on  ten 
carload  samples  will  be  carried  forward  into  19'28. 

The  results  of  prolonged  storage  show  that  the  new  methods 
adopted  the  year  before  were  a  distinct  improveuient  on  the 
earlier  methods.  A  new  laboratory  method  dexised  this  year  for 
testing  coals  before  and  after  storage  has  pro\ed  unexpectedh' 
successful  for  determining  the  loss  of  heat  value  of  the  coal  during 
.storage. 

Screening  tests  and  boiler  trials  have  been  carried  out  as  before. 
Tests  on  the  suitability  of  the  (biferent  Albeita  coals  for  black- 
smith use  have  been  inaugui'ated.  and  are  to  be  continued  on  sub- 
secjuent  carload  samples.  Systenuitic  tests  with  house-heating 
furnaces  have  been  carried  on  through  much  of  the  year,  and  the 
uiethods  and  equipment  employed  have  been  considerably  improved. 
In  particular,  a  calorimeter  has  been  devised  and  constructed  for 
uieasuring  the  etftciency  of  operation  of  a  hot-air  furnace.  The 
iustallation  of  recording  theruiometers  and  other  apparatus  has 
enal)led  more  prolonged  and  couiplete  trials  to  be  nuide  than  here- 
tofore, and  with  a  snuiller  staff  engaged  in  the  work. 

Further  stud}'  has  been  made  of  the  methods  of  coal  sampling, 
both  in  the  mine  and  in  the  laboratory.  A  power-driven  crusher- 
sampler  has  been  added  to  the  lal)oratory  e(|uipment,  and  also  a 
I'ilHe  sami)ler.  whilst  a  i)ortable  crusher-sam})ler  has  been  desigued. 
constructed  and  tchted.  This  latter  apparatus  is  intended  for  use 
by  mine  inspectors  at  the  mines. 

Tests  have  been  made  with  the  experimental  carbonizer  for 
lignites,  but  the  time  available  did  not  permit  as  much  progress 
to  be  made  with  this  work  as  had  been  hoped.  One  big  step  in 
advance  was  made,  when  it  was  shown  that  raw  lignites  could  be 
satisfactorily  dried  and  carbonized   in  one  process. 

The  bri(|uetting  press  and  efjuipment  oi-dcred  from  Kngland 
in  February  was  not  (lelivered  until  October.  The  design,  construc- 
tion and  erection  of  the  necessary  foundations  and  lay  out,  etc., 
including  shafting,  pulley,  etc..  was  not  completed  until  December, 
so  that  only  a  few  preliminary  runs  were  made  with  the  press  dur- 
ing the  year.  The  e(iuipment  appears  to  be  vei-y  satisfactory  for 
reseaich  investigation,  and  work  will  be  cai-ried  on  as  rai)idly  as 
})ossible  during  the  coming  year. 

It  may  be  of  interest  to  point  out,  as  illustrating  the  work 
done  on  fuels  in  the  chemical  laboratories,  that  some  TO  samples 
have  to  be  taken,  prepared  and  te.sted  in  the  regular  routine  work 
(HI  a  single  carload  of  domestic  coal.  S])ecial  work  on  the  coal 
largely   increases  this  number. 

A  detailed  accoimt  of  all  this  work  on  fuels  is  given  as  an 
appendix. 
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gp:ology 

The  Sfeoloffical  woi-k  for  tlie  Council  was  cnrried  on  in  con- 
junction with  the  Department  of  (Jeolojry.  The  (U'niand  for  in- 
formation on  \arions  j)hases  of  the  minei-al  resources  of  Allterta 
increased  (hii"in<jf  the  year.  Tlie  reijuests  wei'e  of  a  varied  character, 
inchidinir  the  technoloiry  of  ceramics,  water  sui)i)ly.  pleasure  re- 
sorts, trail  facilities  in  certain  districts,  oil  reser\oirs,  helium 
springs,  meteorites,  etc.  Durin*;  the  year,  552  letters  were  received, 
and  5G1  were  written.  Many  of  these  dealt  with  grossly  exasirer- 
ated  reports  a])pearin*2:  in  the  press  from  time  to  time  relative  to 
I'ich  de])osits  of  minerals.  Four  and  a  half  months  were  si)ent  on 
tield  work.  Two  iield  parties  weiv  directed  hv  J.  A.  Allan,  one  in 
the  foothills  noi'th  of  the  North  Saskatchewan  ri\er,  and  one  for  a 
short  time  on  the  north  shore  of  lake  Alhahaska.  A  short  sinnmarv 
of  the  field  work  is  ijiven  in  the  a])]HMidix.  and  fuller  details  of  these 
field  surveys  make  uj)  the  Fourth  Annual  IJepoit  on  the  Mineral 
Resources  of  Alberta.,  10*22. 

MISKIM 

An  exhibit  of  minerals  from  Alberta  and  adjoinino;  territoi'v. 
and  manufactured  prochicts  from  these  minerals,  formerly  nniin- 
tained  by  the  Research  Council  in  the  Mining  Enirineerinir  Biiild- 
in^r.  has  been  transferred  to  the  toj)  floor  of  the  Ai-ts  Buildinir.  to 
Room  :'>12,  close  to  the  (Jeolojxical  Museum.  The  principal  addition 
to  this  exhibit  durinix  the  year  was  a  suite  of  iron-bearinir  rocks 
from  lake  Athabaska.  fi'oui  the  disti'ict  described  in  Pai't  II.  of  the 
Fourth  Annual  Rei)ort  on  the  Mineral  Resources  of  Alberta,  1922. 

The  complete  rock  core  from  the  salt  well  drilled  by  the 
.\lberta  (xovernment  at  Fort  McMurray  in  1920  was  brouofht  down 
fi-om  the  well  site,  and  has  been  iiri'anaed  in  ojien  exhibit  cases  in 
such  a  way  that  any  jxtrtion  of  the  core  can  l)e  seen  and  studied 
with  convenience. 

ROAD  :\rATFRTALS 

The  work  on  road  nuiterials  has  heen  directed  towards  the 
development  of  a  type  of  rural  road  construction  which  should  be 
irenerally  applicable  to  i-oad  buildinjjf  conditions  in  the  jirairies. 
As  stf.ne  and  jiravel  are  not  as  a  rule  available,  the  attempt  is  beinir 
made  to  employ  asphalt  obtained  from  the  bituminous  sands  of 
northern  Alberta  as  the  stabilizing  material  for  such  roads.  The 
work  of  the  year  has  been :  firstly,  to  devi.se  a  method  of  extracting 
the  asjjhalt  from  the  bituminous  sands:  and,  secondly,  to  study  the 
stabilizing  action  of  this  extracted  asphalt  when  incorporated  into 
prairie  roads.  A  method  of  extracting  the  asphalt  has  been  worked 
out  which  appears  to  be  satisfactory.  Good  laboratory  results  have 
also  been  obtained  in  producing  stable  i)ituminized  soil  mixtures. 
.V  further  activity  of  the  vear  has  been  a  study,  in  co-operation 
with  the  City  Engineer's  Departn  ent  of  the  City  of  Edmonton, 
on  the  practical  suitability  of  crude  bituminous  sands  foi-  city  j)ave- 
ment  construction.  An  account  of  the  abo\e  work  is  gixcu  in  the 
appendix. 
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SALT  AT  McMURRAY 

Prospectin<^  for  salt  at  McMiirray  was  iindci-taken  by  the 
Provincial  (lovernment  in  1919.  The  first  well,  drilled  with  a  rotary 
calyx  drill,  was  completed  in  19"20.  A  commercial  l)ed  of  salt  was 
encountered  at  about  048  feet  from  the  surface.  The  results  of  this 
prospecting  are  dcsci-ibed  by  J.  A.  Allan  in  the  Second  Annual 
Report  on  the  Mineral  Resources  of  Alberta.  1921,  Mr.  N.  C. 
Pitcher  made  a  trip  to  McMurray  early  in  June  and  examined  the 
drillintr  equipment  on  hand. 

With  the  completion  of  the  Alberta  &  Great  "Waterways  Rail- 
way to  Waterways,  on  Clearwater  river,  six  miles  from  McMurray, 
it  Avas  decided  to  prospect  for  salt  close  to  the  railway  by  drillino; 
another  well,  A  well  site  was  chosen  by  J.  A.  Allan  at  the  junction 
of  Deep  creek  and  Clearwater  river,  within  a  few  hundred  yards 
of  the  railway,  and  drilling:  began  in  October,  19'2"2.  Drilling  oper- 
ations were  discontinued  during  the  severe  winter  Aveather,  but  Avill 
be  resumed  in  the  spring. 

FOREST  PRODl^CTS 

The  collecting  of  existing  data  pertaining  to  Alberta  forest 
resources  was  continued  throughout  the  year. 

It  is  hoped  that  compilation  and  indexing  may  be  started  in 
1923,  and  that  a  beginning  may  be  made  of  a  series  of  explorations 
and  tests  of  timbers  from  the  more  important  areas  which  are  the 
present  source  of  mine  timbers. 

The  proposed  compilation  and  indexing  may  take  the  form  of 
a  critical  bibliography  of  published  informati(m,  and  be  referred 
to  a  specially  i)i-epared  control  map  of  the  Province.     This  control 
ma{)  may  be  siippkMiieuted  with  smaller  detailed  maps  of  selectee 
areas. 

COAL  SAMPLES  AND  ANALYSES 

Three  carload  samples  have  been  received  during  the  year 
These  sau'])les  were  taken  under  the  supervision  of  the  district 
ins|)ect<)i"s  of  mines  to  represent  the  regular  oiiti)ut  of  the  mine, 
lu  addition  to  the  large  samples,  the  district  inspectors  of  mine^ 
of  the  pi-ovince  have  taki'ii  nineteen  coal  sain|)les  from  four  dif- 
ferent mines.  Ten  of  the  latter  samples  have  been  analyzed  for 
the  provincial  Mines  Branch  by  Mr.  J.  A.  Kelso.  Provincial  .Vnalyst. 
The  remainder  were  analyzed  by  Mr.  R.  T.  Hollies  in  tiie  Depart- 
ment's laboratories.  As  a  matter  of  convenience,  and  l»y  ari-ange- 
inent  with  Mr.  J.  T.  Stirling.  Chief  Tnspectoi-  of  Mines,  all  these 
analyses  are  given  in  the  apijcudix.  Some  details  of  the  methods 
of  sampling  and  the  significan<'e  of  the  results  are  also  given.  A 
(■(MUpilation  of  all  available  analyses  of  Alberta  coals  has  been  coni- 
menced.  It  is  ho]XMl,  when  this  is  completed,  to  calculate  (he  aver- 
age analyses  cf  the  coal  from  each  of  the  mines  in  the  province,  such 
calculation  to  be  l)ascd  on  comj)arable  and  reliable  analyses.  Mean- 
while an  intei-im  statement  has  been  prepared  and  inchuled  in  the 
ap|)endix  to  this  i-eport.  gi\  ing  a  typical  analysis  of  coal  from  each 
of  the  principal  ccal  areas  of  the  ])rovince. 
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A('KX()WLED(iMENTS 

The  Blue  Diainoiid  Coal  Company,  the  Xoith  Aiaeiicau  Col- 
lieries, and  the  Bio;  Valley  Collieries  have  each  contributed  a  car- 
load of  coal  durinc:  the  year.  Several  other  oft'ers  of  coal  are  still 
outstandini;  for  delivery  when  the  work  of  the  laboratory  permits. 
The  Council  wishes  to  express  their  appreciation  of  the  support 
they  are  recei^•inr!;  from  the  oi)erators  in  this  and  other  ways. 

The  donu'stic  heatin<»"  furnaces  on  which  tests  are  bein<r  made 
were  contributed  by  The  (iurney  Foundry  Co..  Ltd..  The  (Jravity 
Stoker  Furnace  Co..  Ltd..  The  McClarv  Manufacturing  Co.,  Ltd., 
and   Mr.  M.  W.   Kinir.  of  Toronto.  Ont. 
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FUELS 

By  N.  C.  Pitcher,  E.  Stansfjki.d,  11.  T.  Hollies,  J.  AV.  Lewis  and 

N.  H.  Atkinson  (to  which  is  added  a  Report 

on  Boiler  Trials  bv  C.  A.  Bonn) 


The  work  described  below  is  a  continuation  of  that  outlined  in 
previous  reports,  but  the  scope  has  steadily  increased. 

Coals  Tested 

Three  carload  samples  of  run  of  mine  coal  were  received 
diirino;  the  year  for  screeninji.  stora<»:c.  boiler  and  other  tests.  The 
coal  was  in  each  case  donated  by  the  mine  operator.  A  list  of  coals, 
classified  under  their  respective  areas,  follows: — 

Jaspe?'  Park  Area : — 

Blue  Diamond  Coal  Co.,  Ltd..  Brule,  Alta. 

Drumheler  Ai^ea: — 

North  American  Colleries,  Ltd.,  Monarch  Mine.  Xacuiine, 
Alta. 

Big  Valley,  Trorhii.,  Three  Ililh,  Carbon  Ai'ea: — 
Big  Valley  Collieries,  Ltd.,  Big  Valley,  Alta. 

Sampling 

The  two  problems  of  sampling  at  the  mine  and  sam})ling  in 
the  laboratory  have  been  studied  during  the  year.  In  consequence 
of  some  sampling  tests  made  at  Brule  at  the  end  of  lO'il.  but  not 
completed  until  the  current  year,  a  committee,  which  included 
i-e|)i-esen(atives  from  the  Mines  Branch  and  the  Besearch  Council, 
together  with  the  Brovincial  Analyst,  made  a  careful  study  of  the 
(jucstion  of  sami)ling  as  applied  to  bituminous  uiiiics.  This  com- 
mittee decided  upon  certain  '•haiigcs  in  the  pi-ocedure  of  sauipling. 
the  principal  of  wliidi  iii\ol\C(l  tli(>  use  i)y  mine  inspectors  of  a 
portable  crusher-sampler  in  place  of  coning  and  (piartering  for 
the  reduction  of  mine  samples.  Such  a  samplei-  was  afterwards 
designed  by  E.  Stansfield  aud  B.  T.  Hollies,  and  constructed  in 
the  Cniversity  workshops.  This  apparatus,  which  is  ivpresented 
in  Figure  1  (see  next  page),  is  u^ade  in  such  a  way  as  to  be  readily 
taken  to  pieces  and  packed  in  the  travelling  case  provided.  A 
riffle  sampler  outfit,  bi-ush,  shovel  and  all  necessary  tools  and  spares 
were  also  j)acke(l  into  the  same  bo.\.  The  crusher  is  designed  to 
first  crush  the  coal  to  about  Vj-in.  size,  and,  simultaneously,  to  cut 
out  one  quarter.  This  <|uarter  is  then  regronnd  to  V4-in.  size  in 
the  same  crusher  after  a  siuiple  adjustment,  and  again  sinndtan- 
eously  <|uartcrcd.     The   liual   sample  can   tluMi   l)c   rilllcd   down   to  a 
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Fig.  1. — Portable  Sampler  Crusher. 
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suitable  aniouiit  to  fill  a  ([iiart  seak'r.  This  apparatus  was  tested 
by  screen  and  cheniical  analyses  of  both  sample  and  discard,  and 
it  was  found  that  with  reasonable  care  the  discrepancy  between 
the  percentajre  of  ash  in  sample  and  in  discard  should  not  exceed 
0.2  per  cent. 

In  Xoxember.  1022.  the  above  e(|ui])ment  was  used  by  Inspector 
of  Mines  W.  Shaw.  E.  Stansfield  and  R.  T.  Hollies  in  some  tests  at 
the  Penn  Mine  to  ascertain  the  accuracy  with  which  mine  chainiel 
sam])les  i-epresented  the  con  niercial  output  of  domestic  mines.  T\w 
channel  samples  were  taken  as  usual,  but  in  addition  sam]:)les  were 
taken  of  each  of  the  commercial  procbicts  of  the  mine.  The  aver- 
age ash  content  of  the  commercial  outpnt  of  the  mine  was  calculated 
from  the  figures  given  as  to  percentage  production  and  chemical 
analysis  of  each  of  the  sizes  of  coal  sold.  This  was  found  to  be 
identically  the  same  as  the  a\erage  ash  content  of  the  cliannel 
samples. 

Mr.  Shaw  took  similar  samples  later  at  the  Lakeside  Collieries, 
\Vabamun,  and  the  results  obtained  in  this  case  showed  7.77  per 
cent,  ash  for  the  output  and  7.-37  per  cent,  for  the  average  of  the 
channel  samples. 

These  results  are  better  tlian  could  i)e  hoi)ed  for  regularly,  and 
are  a  good  indication  that  the  channel  samples,  as  taken,  do  give 
a  close  approximation  to  the  regular  output  of  the  mine. 

It  is  recognized  that  carload  samples  give  a  better  representa- 
tion of  the  output  of  the  mines,  and  it  is  hoped  ultimately  to  oljtain 
and  test  such  sami)les,  not  only  from  every  area.  l)ut  also  from  each 
of  the  i)rincipa]  mines  in  these  areas.  It  is  clear,  however,  that  such 
work  will  take  long  to  complete,  and  that  channel  samples  must  play 
an  important  part  meanwliile  in  evaluating  the  coal  output  of  the 
jirovince. 

In  the  laboratory,  the  method  of  coning  and  (piarteriuii  has 
been  entirely  superseded  by  the  use  of  a  Sturtevant  ci-iisher-sampler, 
followed  by  an  Allis-Chahrers  sample  grinder  and  a  modified  Jones 
riffle.  The  Sturtevant  crusher  is  used  to  reduce  the  coal  from  egg 
to  i/.-in.  size,  and  it  automatically  cuts  out  a  o,  10  or  15  per  cent, 
sample,  as  desired,  during  the  process.  The  sample  grinder  reduces 
the  coal  to  about  '/s-in.  size  and  cuts  it  in  half.  Further  reduction 
of  (plant ity  is  done  by  the  riflle,  after  which  the  sani])le  is  air-dried 
and  ground  iu  an  Abbe  jjorcelain  ball  mill.  The  new  method  i>  far 
more  rapid,  and  at  least  as  accurate  as  the  one  sui)erseded. 

Analyses 

Oue  change  was  made  during  the  yeai'  in  the  method-^  employed 
for  the  proxiuiate  analysis  of  coal.  Thus  a  uiodilied  method  for 
the  deteruiination  of  volatile  matter  in  sub-bituminous  and  liguitic 
coals  has  been  devised,  tested  and  a(lo))te(l.  The  regular  method  of 
the  A.  vS.  T,  M.  calls  for  a  preliminary  heating  for  such  coals  for 
five  minutes  over  a  gradrally  increasing  flame,  followed  by  six 
n>inutes  heating  at  the  full  teuiperature  employed  for  other  coals. 
This  pi-oci'dure  is  irudercd  iitccssarv  by  the  fact  that  when  a  coal 
of  high  volatile-mattei-  conti'nt  is  heated  si'.ddenly.  the  i-ai)id  rush 
of  gas  carries  with  it   uauy  -^olid  jiarticlcs.  and  au  en-(»ut'ous  res\dt 
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is  ohtaiiKMl.  In  the  new  niodificiit  ion  the  prt'liniinurv  heatinir  do- 
scribed  above  is  standardized  as  follows,  the  ivst  of  the  treatment 
beinir  as  before: — 

The  eoal  is  weiii'lied  out  as  usual  into  a  crucible  which  is  then 
covered  and  placed  on  a  cold  scorifier  of  3-in.  diameter.  The  scoii- 
fier  is  then  i)laced  in  an  elective  niutUe  furnace  heated  to 
725°C.,  ±2.')^  and  left  there  for  H\e  uiijiutes.  The  hot  crucible 
is  tlien  removed,  and  innuediately  heated  as  usual  for  six  minutes  in 
a  suitable  elec(i-ic  furnace  (  r  ovei"  a  jras  flame  regulated  to  a  tem- 
perature of  l)r)0°(\,  ±'20'\  The  crucible  is  then  cooled  in  a  desicca- 
tor, and  the  loss  in  \vei<>:ht  detei'nnned. 

Insertion  of  the  cold  scoritier  l)et\veen  the  bottom  of  the  cru- 
cible and  the  hot  floor  of  the  mnfHe  reduces  the  rate  of  heating  and 
causes  the  coal  to  be  heated  mainly  fi'om  above.  The  effect  is  to 
drive  off  the  volatile  matter  as  befoie.  but  without  risk  of  loss  of 
solid  particles.  Carefid  tests  show  that  more  closely  concordant 
results  can  be  obtained  than  heretofore,  and  Avith  less  attention  from 
the  analyst.  The  new  method,  theivfori',  ajjpears  to  be  botli  <|uickei' 
and  better. 


kScrekning 

This  work  is  a  continuation  of  that  briefly  described  in  the 
two  previous  rejiorts.  The  procediu'e  followed  was  given  in  the 
Second  Annual  Ive])ort  of  the  Council,  i)aoes  15  to  'JP>.  The  car  of 
coal  is  ])laced  on  the  railway  siding  near  the  T^niversity  and  un- 
loaded b}^  means  of  carts.  About  thirteen  tons  are  delivered  to 
the  Mining  Engineering  Laboratories,  and  the  remainder  to  the 
University  power  house.  The  former  portion  is  used  for  screening, 
storage  and  other  tests,  and  the  latter  for  boiler  trials.  The  sample 
for  chemical  analysis  is  obtained  to  represent  the  whole  consign- 
ment by  removing  a  shovelful  at  regular  intervals  as  the  carts  are 
mdoaded.  The  ton  of  coal  thus  obtained  is  crushed  and  quartered 
in  the  regular  '.M|uipmcnt   of  the  Department. 

Table  I.  shows.  Tor  the  mines  tested  during  the  year,  the  per- 
centage of  each  size  found  in  the  riui  of  mine  coal  after  it  had  been 
delivered  at  the  University.  It  should  be  noted  that  the  percentages 
of  lum})  and  fines  in  any  consignment  nnist  depend  somewhat  on 
the  handling  it  received  in  transit  as  well  as  on  its  friability  and 
its  condition  as  it  left  the  mine.  The  results,  however,  are  cicarlv 
indicative  of  the  nature  of  the  coal  and  the  condition  in  which  it 
might  be  e.\i)ected  to  arri\'e  at   the  consumer. 
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Table  I. 


Name    of 
Size 


SCREEN  SIZES 

Diameter  of 

Circular  Perfora- 

ations 


Lump 
Egg- 
Nut 
Pea 
Dust 
Slack 

Nut    Slack 
Screened 


PERCENTAGE    OF    SIZES   IN 
RUN  OF  MINE 


Blue 
Diamond 

4.3 
8.3 
11.1 
26.7 
49.6 
76.3 
87.4 
12.6 


Monarch 


58.6 
19.3 

8.8 

7.8 

5.5 

13.3 

22.1 

77.9 


Big 
Valley'' 


57.4 

25.9 

9.6 

4.6 

2.5 

7.1 

16.7 

83.3 


Table  II.  shows  the  i)erceiitao-e  of  ash  found  in  each  of  tlie 
oi-iiiinal  run  of  mine  coal  samples,  as  well  as  in  each  sized  product 
therefrom.    The  percentages  are  reduced  to  the  dry  coal  l)asis. 

Table  II. 


Standard 
Size 


ASH  PERCENTAGE    (DRY   BASIS) 
In  R.O.M.  and  Standard  Sizes  of  the  Coals  Named 


E(inivalency  tests  were  carried  out  on  another  i)ortion  oi  the 
original  coal.  These  tests  Avere  to  determine  the  har  screen  si)acin«is 
which  must  be  emphnd  with  any  coal  to  izet  the  same  i)ei'centage 
resuUs,  when  the  run  of  mine  is  screened,  as  those  obtained  with  the 
l)hite  sci-eens  havin<r  circular  i>erf()rati()ns.  Table  III.  shows  clearly 
the  priucipal  results  obtained,  avera<i;ed  for  tliose  (bstricts  froui 
wliich  coals  ha\e  been  testecL 

Table  III. 


EQUIVALENT    SPACING 

FOR   BAR    SCREENS— 

Diameter 
of  Plate 

For 

the  Coal  Areas  Named 

■ 

Pem- 

Cam- 

Edmon- 

Perforations 

Moun- 
tain 

Jasper 
Park 

Yellow 
Head 

Drum- 
heller 

Big 
Valley, 

bina- 
Wabii- 

rose- 
Battle 

ton- 
Clover 

Park 

Pass 

&c. 

-nun      I 

M 

easuren 

nents  given  are 

in  sixte 

enths  oi 

an  inc 

h 

3       Inches 

29 

28 

1     -28 

1      26 

1      25 

32 

26 

1       33 

2 

16 

16 

1      16 

1      18 

18 

21 

16 

1       .... 

l-Va 

12 

12 

1      12 

1      14 

12 

16 

12 

i      12 

1 

8 

8 

1        8 

1        9 

1        8 

11 

8 

1 

%       " 

6 

6 

1        6 

1        7 

1        6 

8 

6 

!        8 

%       " 

3 

1        .') 

I         3 

3 

■^ 

■i 

•> 

'This  sample  of  coal  was  screened  over  a  ll-j-in.  bar  screen  as  it  was 
loaded  into  the  car,  this  being  the  usual  practice  at  this  mme  for 
R.O.M.  shipments. 
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St()i;a(;k 

A^'<>l•k  on  lilt'  cIl'iHl  of  (lillVrt'iil  n'ctlujcls  of  stoi'a<;e  on  conl.s 
fi-oni  tlu'  (lirt'oivnt  fields  has  been  conducted  as  before.  Samples 
stored  foi-  \arious  jxM'iods  have  been  brouofht  in  from  the  stora<]jo 
ground,  re-scrcencd  and   re-analyzed,  as  listed  below: — 

Domestic  coals:  .')()  sami)les  after  one  month,  W  after  six 
months.  46  aftei-  I'i  months,  and  IT)  aftei-  •_!4  months'  storage:  coals 
tested  were.  Dobell.  Foolhills.  Drumheller.  l*enibina.  Ilumberstoiie, 
Twin  Cily  and  l>i<i-  \'allev. 

l)i(uminons  coals:  one  aftei"  one  month,  three  after  six  months, 
three  after  twelve  months,  and  one  after  "24  months'  storaire:  coals 
tested  were,  lilue  Diau ond.  ^fonntain  Tarlc.  Pocahontas  and  Cado- 
min. 

The  earlier  results  obtained  were,  to  a  certain  extent,  disappt^int- 
inir.  as  variations  due  to  extraneous  causes  larg-ely  confused  and 
masked  chanires  in  the  coal  due  to  storage.  This  was  especially  the 
case  with  respect  to  the  chemical  chamxes.  as  the  ]ihysical  chanijes 
are  more  mai'ked.  The  matter  was  first  considered  in  October.  IDiJf, 
maiidy  in  connection  with  lack  of  stora<»;e  facilities  in  the  pit  and 
shed.  'J'o  increase  the  latter,  it  Avas  decided  to  store  all  the  samples 
in  pit  and  shed  in  jute  sacks.  This,  it  was  considered,  Avould  have 
the  extra  advanta.ires  of  cutting  down  the  work  involved  and  of 
increasing  its  iiccuracv.  Later  on,  Avhen  the  lOjJl  results  Avere  under 
considei-ation,  it  was  decided  that  open  storage  n  ethods  nnist  also  be 
modified.  Since  the  middle  of  February,  lO-J-J,  therefore,  all  out- 
door samples  ha\t'  been  stored  in  large  garbage  cans.  In  the 
pi'esent  met  hod,  the  total  (luantity  set  aside  for  storage  is  carefully 
divided  in  the  laboratory  into  the  requisite  number  of  portions,  as 
nearly  as  possible  identical,  befoi'e  the  coal  is  sent  out  at  all,  as  at 
this  stage  it  can  be  dixided  faii'ly  accurately.  These  portions  are 
placed  in  sack  or  can  a^^  above  and  weighed.  At  the  end  of  each 
storage  ])eriod  the  assigned  sack  or  can  of  coal  is  brought  in,  un- 
touched, then  weighed,  and  the  whole  amount  screened  and  sampled. 
It  is  early  as  yet  to  say  wheihei-  these  n  ethods  will  give  the  neces- 
sary accuracy,  but  it  is  already  clear  that  they  are  a  great  im])rove- 
ment  on  the  former  ones.  Moreover,  one  assistant  can  now  do  the 
screening  and  sampling  on  a  storage  lot  in  less  time  than  was  pre- 
viously taken  by  two  men. 

Table  IV.  sIhav.-  the  results  obtained  with  respect  to  the  dis- 
integration of  domestic  coals. 
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Table  IV. 


Kind  of 

PERCENTAGE 

BREAKAGE    LOSSES 

DUE    TO 

Size 

WEATHERING 

Coal  and 

of 

after  storage  for 

Date   First 
Stored 

Coal 

One    month 

in 

S:x    months    in        12  months  in    | 

24    months    in 

Lump 

Open     Pit    Shed 

Open 

Pit    Shed   Open     Pit     Shedj  Open    Pit     Shed 

Foothills 

01       0| 

15 

10  1 

2  1      0  1      0        1      10 

Egg 

20        0  j 

0 

25  1 

1  1      5  1   20     10     10 

Dec.   1921 

Nut 

15      15 

5 

30 

10  i   10  1   30     10      10 

Pea 

5        5 

2 

10 

3  1      5  1   10        2        4 

Monarch 

Lump 

0     10 

4 

10  1 

10  1   15  1 

Egg 

5        3 

2 

20  1 

10  1   10  1 

Feb.  1922 

Nut 

;3       5 

0 

1    10  1 

4  1      4  1 

Pea 

0        0 

0 

01 

0 

01         1         1         1 

Big  Valley 

Lump 

4        5 

2 

i      I 

Egg 

3        0 

01         1 

1 

Oct.  1922 

Nut 
Pea 

3|      4| 
0  I     0  ! 

3 
0 

1 
1 

. 

Pembina 

Lump 

55  1    45  i 

30 

1   45 

40 

[  25  1   45  1  45      25 

Egg 

50  !    25 

35 

1    50  i 

25 

30  1    40      35      25 

Mar.  1921 

Nut 

35  1   2,0 

20 

1   30 

25 

25      50  1   20     25 

Pea 

10  1      5  1 

10 

1   10 

5 

10      15  1      5        5 

Dobell 

Lump 

30  1    25  1 

30 

1    25 

20  1   25  i   40  1   40  1   30 

Egg 

40  1 

20 

1    .... 

30  1   20  1   ....  1   35     20 

Sept.  1921 

Nut 

20  1 

30 

25  1   25  1   ....  1   25     35 

1            1 

Pea 

51 

5 

3  1      5  1   ....  1      5  1      5 

1            1 

Clover  Bar 

Lump 

30 

20  1 

15 

1    50 

20  1    20  1   45  1    40      35 

60  1   30  1   45 

Egg 

0 

5  1 

2 

i   40 

15  1   30  i   40  1   20     20 

45      15  1    25 

Feb.  1921 

Nut 

2  i    10  j 

5  1    30 

15  1    30  i    40  1    15      10 

50      10  I    10 

'Pea 

1  1      5  t 

5  1    10 

0  i      5      20  i      5      10 

15  1      3  1      5 

It  is  fully  recojinized  that  present  Avork  on  storage  is  only  of 
a  preliminary  nature.  The  coals  can  not  be  stored  in  large  enough 
((uantities  or  under  sufficiently  unifonn  conditions  to  enable  definite 
conclusions  to  be  drawn  with  regard  to  their  commercial  storage. 
Valuable  information  has,  however,  been  obtained,  and  it  is  hoped 
that  when  this  preliminary  work  has  been  comjileted  large  scale 
work  can  be  carried  out  at  the  mine-heads  and  at  the  distribution 
centres  without  the  costly  mistakes  that  otherwise  inevitably  would 
h«ve  been  made. 

DoMES'lIC  Fi  knaces 

F'our  domestic  furnaces  were  tested  during  the  year.  These 
furnaces  were  illustrated  and  described  in  last  year's  report,  pages 
27  to  20.    The  tests  were  completi'd  on  one  furnace,  and  a  full  report 


Furl  her  tests  have  xct  to  be  madi 


on 


submitted  to  the  iu\«'nl<)i 
(he  otlier  three. 

I'reliminary  work  on  methods  of  testing  domestic  heaters  was 
commenced  in  1021,  and  further  developed  during  1922.  The  equip- 
ment for  these  tests  was  increased  by  the  purchase  of  three  single 
and  one  duplex  recording  thermometers,  and  by  the  design  and  con- 
struction of  a  gas  sam])ler  and  an  air  calorimeter.  Systenuitic  tests 
were  run  on  these  furnaces,  as  follows:  (Jurney  hot-water  furnace, 
0  tests  with  a  total  duration  of  (>!»(')  houi-s;  Allan  hot-watei-  furnace, 
one  test  with  a  <lnratioii  oi"  l'_'(>  lionrs:  Siinshiuc  hot-air  furnace,  9 
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tests  with  !i  (liiratioii  of  ^jUT  hours:  and  Kin<x  hot  air  i'liniacc.  s  tests 
w  ith  a  (hiiatioii  of  lU  1  hours.  The  tests  weiv  uia<K'  w  ith  the  follow- 
iui>;  ol)jects  in  view:  (1)  to  deteruiine  tlie  ])racti<-al)ility  of  the 
furnace  for  use  under  ordinary  doujestic  conditions  with  different 
typt>s  and  sizes  of  Alhei'ta  coals:  (2)  to  ascei'tain  what  ini])rovo- 
ments,  if  any.  luiiiht  he  su<>ii"este{l  for  the  furnaci":  ()>)  to  test  the 
uieiit>  of  any  available  i'.ltei'uative  e(|ui|)nient.  It  should  be  noted 
I  hat  the  i)erf()rniance  and  eHiciency  of  the  furnaces  were  tested  under 
the  most  fa\()i-able  conditions  of  fii-in«2;,  adjustments  and  attt'ntion 
which  could  be  expected  for  a  domestic  heater  at  the  hands  of  the 
a\era<j;e  intelliu'ent  householdei-.  No  etfort  Avas  made  to  determine 
the  maximum  eflliciency  jxjssible  witli  constant  attention  and  adjust- 
ment such  as  could  not  be  expected  in  reaular  use. 

In  iienoral,  the  furnaces  were  cleaned,  the  ashes  shaken  down. 
and  fresh  coal  tired,  three  times  a  day,  usuall_v  at  8  a.m.,  ;J  p.m.  and 
10  p.m.  Any  adjustments  of  draft  found  necessaiy  at  the  firin*:; 
pei'iod  were  completed  within  one-half  to  three-quarters  of  an  hour 
after  lirini>-.  The  tirin*;  and  di'aft  adjustments  were  arranijed  to  ix'wv 
a  steady  heat  throuii'hout  the  twenty-four  houi's.  The  coal  con- 
sumptions weiv  Niiried  in  dilferent  tests  within  the  normal  limits  of 
each  furnace. 

Hot-water  heaters  ai'e  c(im2)aratively  easy  to  test.  The  weight 
of  water  sent  throu<>"h  the  furnace  can  be  easily  determined  by  means 
of  a  calibrated  water  meter,  and  the  inlet  and  outlet  temperatures 
found  by  suitable  thermometers.  The  Aveitjhts  of  coal  fii-ed  and 
a-h  removed  can  be  noted,  and  sam])les  analyzed.  The  tem]XM'atnre 
of  the  flue  ""as  can  also  be  determined  and  sam[)les  taken  thro'iirh- 
out  a  comi)lete  tiring  cycle  and  analyzed.  Full  records  can  also  be 
kept  of  the  conditions  of  the  fire,  adjustments  of  draft,  clinker 
trouble  (if  nny),  etc.  If  ordinary  thermometers  are  used,  these 
must  be  read  at  fre<|uent  and  reg'ular  intervals,  and  continuous 
shifts  of  obserM'rs  are  i-e()uired.  AVith  recording  thermometers  one 
observer  can  carry  out  a  complete  trial.  A  ])ercenta<!:e  efficiency  of 
the  furnace  can  be  calculated  from  the  data  collected  as  above,  and 
a  general  ^tater.ient  may  be  ]>re]iared  as  to  the  performance  of  the 
furnace  uiuler  the  }iarticular  conditions  of  the  test. 

Hot-air  fiu'naces  are  more  diflicult  to  test,  as  it  is  hard  to 
measure  the  ([uantity  of  air  passed  through  the  furnac(>  casing,  and 
thus  heated.  It  was  originally  intended  to  measure  this  by  means 
of  air-boxes  and  sensitixe  ])i-essure  gauges,  and  the  necessary  ap- 
paratus was  consti'ucted  in  1!»21.  Eai'ly  in  1!>22,  howevei-.  the 
alternati\e  use  of  a  calorimeter  was  suggested  by  K.  Stan^field.  A 
suitable  appai'atus  was  designed  in  colIal)oration  with  K.  T.  Hollies 
and  was  constructed  in  the  I'nixersity  work'sho))s.  This  calori- 
n  eter  is  used  to  measui'e  thi'  total  heat  leaving  the  furnace  in  the 
air  flow,  rather  than  to  measure  the  \-olume  of  such  aii-.  althouiih 
this  vohune  is  subse(|uen(ly  calculated  from  the  data  col!ect(Ml. 
I'igure  2  (see  next  page)   is  a   Ncrticai  section  of  tjic  ca  lorimet  ;'r. 

The  oi)eration  of  this  air  calorimeter  is  as  follows:  It  is  con- 
nected to  the  top  of  the  furnace  casing  so  as  to  receixc  all  the  aii- 
heated  in  the  casing  fr'om  the  furnace  to  be  tested.  This  air  is 
thoi-oughly  nnxed  on  entering  the  calorin)eter  by  bafHes  A.  and  its 
tempei'ature  measured  by  means  of  a  recoi-ding  thermometei-  Al. 
The  bailies  are  insulated  with  asbestos  board  to  protect  the  thernio- 
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meter  from  lu';it  nidiateil  fiom  the  fiii-iuico  castings.  A  metered 
flow  of  water  lias  its  temperature  taken  wliere  it  enters  the  calori- 
meter at  ^^'l.  It  flows  downward  throuoh  a  %"  copper  coil,  is 
warmed  bv  the  aseendini;:  current  of  hot  air.  and  passes  out  at  W'2, 
where  its  temperatiii'e  is  recorded.  In  later  work  the  Avater  current 
was  n'\(  r.^d.  'JMie  risinji;  air  is  given  a  s])iral  coui-se  past  the  copper 
coil  l)V  suitably  placed  copi)er  balHes.  These  are  soldered  to  the 
co])per  coil,  and  further  serve  to  absorb  heat  from  the  air  and  trans- 
mit it  to  tlie  water  flowing  througli  the  coil.  The  partially  cooled 
ail-  leaving  the  coil  is  remixed  by  bailies  B,  and  its  temperature 
i-ecorded  by  a  thei'uiometer  A2.  The  temperature  of  the  furnace 
ro<!m  where  the  air  enters  the  furnace  casing  is  also  noted. 

The  (|iiantity  of  heat  gained  by  the  water  in  passing  through 
the  caloi-imeter  can  be  easily  calculated  from  recorded  observations. 
This  heat  gained  is  assumed  to  be  equal  to  that  lost  by  the  air 
current  in  its  upward  passage  through  tlie  calorimeter;  and  to  bear, 
conse(iuently,  the  same  relation  to  the  heat  transmitted  to  the  air 
from  the  furnace  that  the  drop  in  temperature  in  passing  through 
the  calorimeter  does  to  its  rise  in  temi)erature  in  passing  through 
the  furnace.  Thus  the  heat  transmitted  to  the  air  from  the  furnace 
can  be  deduced  fi-om  the  observations,  and  the  efficiency  of  the 
furnace  calculated. 

It  was  found  that,  using  this  calorimetei',  one  observer  could 
carr^-  out  a  long-duration  test  on  a  hot-air  fm-nace  almost  as  easily 
as  on  a  hot-water  furnace,  although  the  subse(juent  calculations  take 
considerably  longer.  In  some  tests  with  hot-air  furnaces  a  1/10  h.p. 
electric  fan  is  connected  to  the  lower  part  of  the  furnace  casing  in 
order  to  ascertain  the  increase  of  efficiency  to  be  expected  from  an 
increase  of  air  cii-culation  thi'ough  the  casing. 

Criinuf/  11  oi-  W (iter  Furnace. — This  furnace  is  a  No.  1)08  cottage 
boiler,  witli  a  rectangulai'  Hivbox  measuring  l.^-in.  by  HO-in.,  rock- 
ing grates,  and  a  push-ni[)[)le  section  boiler.  The  furnace,  so  far, 
has  been  found  to  burn  Clover  Bar  seam  egg  and  lump  successfully' 
under  ordinary  domestic  conditions  Avith  an  efficiency  of  44  to  48 
l)er  cent.  An  insulating  covering  put  on  the  furnace  did  not 
materially  increase  the  amount  of  heat  absorbed  by  the  hot-water 
sNstt'Ui.  The  altei-nate  n  ethod  of  firing  was  only  a  slight  improve- 
ment over  the  oi'dinary  method.  This  Avas  shown  by  a  reduction 
in  the  eombustil'le  loss  with  the  ashes,  although  the  over  all 
efficiency  Avas  nearly  the  same  for  both  methods.  The  furnace  Avas 
very  easy  to  o})erate,  anil  its  efficiency  \aried  little  with  rates  of  fir- 
ing ranging  from  7  to  15  lbs.  of  coal  i)er  hour  (2i/>  to  5  lbs.  of  coal 
per  hour  pei-  square  foot  of  grate  area).  Flue  gas  analyses  were 
onl\  takt  II  (111  the  last  test  run.  The  average  carbon  dioxide  for  this 
test  was  close  to  10  per  cent.,  the  carbon  nuinoxide  was  0.8  [)er  cent., 
and  the  oxygen,  8.;")  per  cent.  The  gas  sanq)les  Avere  each  taken  over 
a  (•ouq)lete  liring  cycle,  and  thus  include  the  inevitable  dilution  of 
the  Hue  gas  with  air  during  firing  and  (deaning  periods.  Many  more 
tests  are  \et  to  l»e  run  on  this  fui'uace. 

Allan  Fiiniarc. — This  furnace  is  a  Model  "A."'  gi-avity  feed 
furnace,  patented  February  bUh,  HUT.  Tests  run  on  this  fui-uace 
include  oni'  (d'  lixc  <lays.  out'  of  two  days,  and  se\ei'al   from  six  to 
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eiglit  hours.  The  aiTanoenient  of  the  grates  and  facilities  for  re- 
moving the  ashes  are  not  atUipted  for  simple  operation.  No  fine 
gas  samples  were  taken  in  these  tests,  but  combustion  must  have 
been  good,  as  in  the  longest  test  an  efficiency  of  59  per  cent,  was 
recorded.  Many  more  tests  would  have  to  be  run  on  this  furnace 
to  prove  its  efficiency,  but  as  there  is  now  on  the  market  a  new 
model  for  which  ii'any  advantages  are  claimed,  it  appears  useless  to 
continue  tests  on  the  obsolete  type. 

Sunshine  Hot- Air  Furnace. — This  is  a  McClary  "Sunshine", 
No.  01,  with  the  trade  name  "Sofco."  It  has  a  19-in.  firepot.  The 
furnace  so  far  has  been  found  to  burn  Clover  Bar  seam  lump  and 
egg  coal  successfully  under  ordinary  domestic  conditions,  and  to 
burn  slack  coal  from  the  Clover  Bar  seam  with  but  slight  difficulty 
with  the  aid  of  the  G.  R.  Pratt  brick  arch.  The  furnace  is  easy  to 
operate,  and  the  three  se]5arate  shaking  grates  make  it  possible 
to  clean  the  fii'e  without  much  loss  of  combustible  with  the  ashes. 
The  number  of  drafts  and  dampers  provided  permit  a  ready  control 
of  the  fire,  although  when  the  fire  is  burning  too  briskly  it  is  some- 
what difficult  to  check.  It  is  not  yet  possible  to  give  reliable  data 
on  the  efficiency  of  this  furnace,  as  the  air  calorin.eter  proved  too 
snudl  for  satisfactory  operation.  A  larger  one  will  have  to  be  built, 
or  other  changes  made.  Tests  are  to  l)e  made  to  show  the  value  of 
the  air-blast  ring  around  the  top  of  the  firei)ot  casting.  Further 
te.sts  also  will  be  made  to  show  the  possibilities  of  this  furnace  for 
burning  cheaper  grades  of  fuel. 

K'niy  Hot-Air  Furnace. — This  furnace  consists  of  a  box  stove 
(see  Fig.  3)  enclosed  in  a  large  outer  casing  (not  shown  in  the 
sketch).  The  grate  is  divided  into  two  parts:  a  non-movable,  non- 
perfoi-ated  deadplate  (A),  and  an  open  shaking  grate  (B).  A 
reflection  plate  (C)  serves  to  reflect  radiant  heat  from  the  fire  (m 
the  open  grates  (B)  on  to  the  freshly  fired  coal  on  deadplate  (A). 
Small  holes  in  the  sides  iind  back  of  the  furnace  act  as  air  ports  to 
admit  air  over  the  grates.  The  firing  door  at  (F)  and  the  ash  i)it 
(looi-  at  (D)  are  ])rovided  with  adjustable  disc  dampei's  to  admit  air 
;d)()\('  and   below  the  lire,  respectively. 

To  lire  fi-esh  fuel  |)roi)erly  lecjuires  three  ()i)erations :  shaking 
of  grates  (B)  to  remove  ashes:  ivnioval  of  all  ignited  coal  on  dead- 
plate (A)  on  to  grates  (B);  liring  of  given  coal  on  deadplate  (A) 
oulv.  Then  heat  from  fire  is  |)artiaHy'reflected  by  (C)  on  to  fresh 
fuel  (in  (A)  to  dry  it  out.  distil  off  gases  in  coal,  and.  later,  ignite 
it. 

It  should  be  noted  (hal  the  furnace  was  an  experimental  one, 
designed  to  test  the  value  of  the  combustion  system,  and  not  de- 
signed as  a  comnercial  furnace  would  be  to  transmit  the  maxinium 
heat  from  the  fire  into  the  air  passing  through  the  casing.  The 
recorded  efficiencies  are  therefore  mainlv  valuable  to  show  the  rela- 
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Figure  3. — Sketch  Diagram  of  R.  W.  King-  Furnace. 


tive  moi-its  of  (lie  (lirtViviit  inodificntions  tested.  Ki<>ht  coniplete 
tests  were  made,  each  of  from  four  to  tive  days*  duration.  These 
showed  efficiencies  ranuing  from  IS  to  'J'i  per  cent.,  when  one  poor 
resnk  is  exclnded.  The  furnace  has  certain  ijood  features,  and  will 
hnrn  the  lower  grades  of  coal,  hut  it  recpiires  skilled  operati<tn  to 
I2;et  regular  conihnstion.  As  a  result  of  the  tests  certain  changes 
have  been  recommended,  and  it  is  thoui>ht  that  the  inventor  may 
l)e  able  so  to  modify  the  furnace  as  to  lari;t'ly  o\ercome  its  faults 
w  hik'  retaining  its  good  features. 
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Smithy  Coal  Tksts 

Miicli  of  the  Hiiiithy  coal  used  in  the  western  provinces  of 
Canada  is  imported  fi-ou)  Pennsylvania  at  liifrli  cost.  Tt  is  ])rol)al)le 
that  Alberta  coal  niiji'ht  he  larii'ely  used  instead  if  reliable  informa- 
tion were  available  on  the  subject.  The  Industrial  Ke^earch  Depart- 
ment therefore  commenced  smithy  tests  on  Alberta  coals  in  Mai-ch. 
1922,  as  part  of  the  rej»:ular  i)ro^ram  on  carload  sauijdes  recei\ed 
for  testini;.  The  carh)ad  received  in  Novembei-  has  not  yet  been 
tested  at  the  time  of  writing  this  rei)ort,  due  to  ])ressure  of  otlier 
work  at  the  end  of  the  year.  This  test  will  be  included  with  the  li)-!'.) 
report.  The  smithy  tests  are  carried  out  by  the  Cniversity  black- 
smith under  the  supervision  of  II.  T.  Hollies.  The  welded  j)ieces 
made  are  examined  in  the  testinji;  machine  of  the  Dc^partment  of 
Civil  P]nt?ineerin<)i:  under  the  directi(m  of  Professor  11.  S.  L.  Wilson. 
Before  making  the  tests,  the  blacksmith  uses  the  coal  in  <juestion 
for  his  regular  work  until  thoroughly  familiar  with  its  qualities. 
The  tests  made  are:  (1)  Pleat  test  on  the  time  iv(|uired  to  bring 
a  standard  piece  of  fi^-in.  rod  up  to  cherry  red  heat;  (2)  two  lap 
welds  on  8-in.  by  i^-in.  wrought  ii'on;  (3)  two  butt  welds,  %-in. 
wrought  iron  rod  on  to  8-in.  by  V^-'ni.  flat  wrought  iron;  (4)  two 
lap  welds  on  %-in.  octagon  steel;  (5)  making  cold  chisel  from 
34-in.  steel.  (leorge's  Creek  Pennsylvania  smithy  coal  Avas  tested 
as  above  at  the  beginning  of  the  series  of  tests,  and  will  be  tested 
again  later  in  the  series.  These  tests  are  taken  for  comparison  with 
those  on  the  Alberta  coals. 

The  results  of  two  tests  are  shown  on  the  following  page,  these 
being  included  together  in  Table  V.  for  ease  of  comi)aris()n.  At  the 
beginning  of  each  test,  -t-t  ll)s.  of  coal  was  placed  on  a  small  fire,  and 
time  noted  till  fire  was  ready  for  use — four  minutes  in  each  case. 
At  the  end  of  the  test,  surplus  coal  and  coke  not  used  was  weighed, 
leaving  fire  as  at  l)eginning  of  test.  When  fire  got  dii-ty  dui-iiig 
test,  clinker  was  removed  and  time  noted.  Headings  were  taken  on 
the  length  of  fiame  at  dirt'eivnt  i)eriods  in  the  test.  The  effect  of  the 
su'oke  and  of  the  heat  radiated  from  the  flame  and  fire  on  the  coju- 
fort  of  the  blacksmith  was  noted.  The  total  ash  and  clinkei-  formed 
during  each  test  was  noted.    The  blacksmith  did  not  know  on  what 
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Table  V. — Rksults  of  Smithy  Tests  on  George's  Ckeek  Penn- 

svTAAXTA  Smithy  Coal  and  on  Blue  Diamond  Coal  from 

Bri'le,  Alberta,  Between  March  HOiii, 

AND  Ari;iL  iiiti),  19*22 


No. 

Test 

Times 
in 
fire 

Time 

in 
min- 
utes 

Yield 
"Point 

Failure 

Remarks 

1 

Heat    Test:       Time  | 
to   bring-   114"   bar 
to  cherry  red. 

Pennsylvania:    j      1 

Brule:    |      1 

3 
3 

2 

Lap  Weld:   3"xy2" 

wrought  iron. 

Pennsylvania:    (1) 

(2) 

Average 

Brule:    (1) 

3 
4 

24 

20y2 

221/2 

lbs. 

per 
sq.  in. 
31.780 

lbs. 

per 
sq.  in. 
40,000 

No  indication  of 
failure  in  weld.  Not 
a  straight  pull,  as 
piece  failed  one 
side  first*. 

4 
4 

171/2 
191/2 
18 1/2 

34,880 

53,440 

Straight  pull.  No 
indication   of  failure 

(2) 
Average 

of  weld.  Failed  at 
centre  first*. 

3 

Butt    Weld:         Ys" 

w.  i.  on  to  3"xi'^" 

w.  i.  6"  long. 

Pennsylvania:     (1) 

(2) 

Average 

Brule:    (1) 

(2) 
Average 

41 

27 
34 

lbs. 
22,310 

lbs. 
29,600 

Failure  of  weld  un- 
der very  severe  test. 

32 
29 
30% 

20,480 

26,210 

Failure  of  weld  un- 
der very  severe  test. 

Lap   Weld:            %"  | 

1  octa.u'on   steel.             | 
1  Pennsylvania:     (1) 
I                                 (2) 
4    1                       Average  [ 

331/^ 

20 

26% 

lbs. 

pel 
sq.  in. 
86,000 

Clean  break  across 
specimen.  No  indi- 
cation of  failure  of 
weld. 

Brule:    (1) 

26 
17 

211/2 

82,000 

Clean  break  across 
specimen.  No  indi- 
cation of  failure  of 
weld. 

(2) 
Average 

5   1 

Making    Cold   Chis- 

eL-       %"     octagon 
steel. 

Pennsylvania:    

Brule:    

4 

10 
10 

Chipped  scale  from 
cast-iron,  mild  steel 
and  cast  steel  with- 
0  u  t  chipping  or 
turning 

*Untreated  specimen  of  3"x',."  w.  i.  gave:  Yield  Point,  29,340  lbs.  per 
sq.  in.;  Failure,  46,280  lbs.  per  sq.  in.  The  pull  was  straight  during  this 
test. 

NOTE. — In  these  tests  the  operations  were  carried  out  the  same  day,  first 
on  Pennsylvania  coal  and  then  on  Brule  coal.  It  is  probable  that 
the  extra  familiarity  of  the  blacksmith  with  the  exact  work  to  be 
done  enabled  him  to  carry  out  the  tests  on  Brule  coal  slightly 
faster  than  he  would  have  done,  had  the  order  been  reversed. 
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Alberta  coal  he  was  makiiio;  the  test.     Some  further  details  of  the 
trials  are  o;i^•en  in  Table  VI. 


Table  VI. 


Kind   of   Coal 

Pe 

nnsylvania 

Brule 

Amount  of  coal   fired lbs. 

44 

44 

Coal    and    coke    residue    at    end    of 

test lbs. 

8 

81/2 

Clinker  removed  durinjj  test times 

3 

3 

Ash    and    clinker    residue    of    whole 

test lbs. 

6 

71^ 

Maximum  height  of  flame feet 

2 

2 

Effect  of  heat  of  flame  on  blacksmith 

Slight 

Slight 

Proximate  Analysis  of  Coal: 

Moisture i 

1.2 

0.5 

Ash % 

9.6 

20.6 

Volatile    Matter % 

17.7 

17.8 

Fixed   Carbon % 

71.5 

61.0 

Coking  qualities  of  coal 

Forms   fair  lump 

Forms       small. 

of 

well    fused 

hard       lump      of 

coke 

caked       material, 
showing    little 
signs  of  fusion. 

Co^NirARISGN  OF  CoALS 

Con  parison  of  the  heat  value  of  the  coal  substance  of  any  two 
coals  is  often  rendered  difficult  by  variations  in  the  ash  content  of 
the  two  san)ples.  Thus,  in  storaire  tests,  the  saniple  of  the  stored 
coal  may  slunv  a  hijrher  calorific  value  than  that  of  the  fresh  coal 
l)ecanse  the  former  hajipens  to  contain  less  ash.  althoufrh  it  is 
known  that  the  heat  value  of  the  coal  substance  decreases  durino; 
coal  stora*re.  A  common  method  is  to  compare  the  heat  values, 
corrected  to  an  ash-and-moisture-free  basis  bv  calculation  on  the 
assun'ption  that  the  ash  and  moisture  are  quite  distinct  from  the 
coal  and  have  no  calorific  value.  This,  however. 'does  not  irive  very 
satisfactorv  results.  The  followinir  method  Avas  developed  as  the 
result  of  an  idea  of  one  of  the  writers  that  a  comparison  on  a 
l)(wc-eoal-frvc  Ixts'/s  miirht  prove  better. 

The  s))ecific  ijravity  of  different  pieces  of  the  same  seaui  of  coal 
varies  with  their  ash  content,  the  specific  jrravity  risino:  with  in- 
creasing ash.  There  is.  therefore,  a  well-known  n^ethod  of  separat- 
ing- clean  coal  from  dirty  coal  or  bone  coal  by  means  of  a  solution 
of  suitable  specific  gravity.  Thus,  if  a  crushed  sample  of  bitumin- 
ous coal  from  the  Crow's  Xest  Pass  area  is  placed  in  a  solution  of 
calcium  nitrate  of.  say.  1.5  specific  irravitv.  all  the  cleaner  ])ieces  of 
coal  will  float,  and  the  dirty  ones  will  sink.  The  float  and  sink  inay 
now  be  collected  seiiarately  and  each  washed  free  from  the  solution, 
di-ied.  weiLd'cd  and  analyzed.  This  process  is  commonly  employed 
lo  decide  whether  any  coal  could  suitably  be  purified  by  washinir. 
When  te^tiuLM'oal  by  this  u>ethod.  it  is  usual  to  obtain  float  and  sink 
samples  with  three"  or  four  solutions  of  spei-ific  irravity  varyin": 
from  1.3  to  1.55.  In  the  course  of  the  present  investicatiou  it  Avas 
found  that  if  the  calorific  value  of  each  of  the  samples  of  float  and 
sink  was  plotted  against  its  respective   ash  content    (all   calorific 
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\:iliii'  ami  :i>li  cdiiti'iits  heiiiu;-  calciilattMl  to  a  diy  l)asis).  tlii'ii  all  tlio 
points  lay  aloiiu"  a  .--traiirht  line.  Moroox cr.  it  was  t'omid  that  w  itliin 
llu'  usual  limits  of  exiK'ri  mental  a  (.■curacy  the  c-aloriiic  value,  cal- 
culated to  a  ^\\•y  basis,  of  all  samples  of  coal  from  the  same  seam, 
when  plotted  in  the  same  manner  with  resjiect  to  their  ash  content, 
fell  alonir  the  same  line.  This.  lio\\e\ci'.  is  oidy  true  when  all  the 
samples  are  of  the  sjuue  a_ii;e.  A\'hen  coal  is  stored  for  a  i)i-() Ionised 
peiiod.  a  nt'w  curve  is  obtained,  and  it  has  been  fouiul  that  com- 
parison of  the  earlier  and  latei-  cur\es  <!:ives  a  far  better  idea  of  any 
chanuc  underL'one  by  the  c(  al  than  can  be  obtained  by  the  study 
of  the  I'l'sults  of  the  rcii'ulai-  anahses. 
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Figure  4. — Comparison   Curves,  Drumheller  and   Big-  Valley   Coals. 


Filiure  \  shows  the  relation  between  thi'  heat  \alues  and  a>li 
content  on  a  moisture-free  basis  of  Monarch  ccal  (Drumhellei).  and 
liiiT  ^'allev  coal.  Fi<rure  .")  shows  the  effect  of  oxidation.  The  upi)er 
cur\e  is  that  for  Pembina  coal  which  has  been  stored  for  twehc 
months.  The  lower  curve  is  that  for  the  same  coal,  but  fnrtlu'r 
oxidized  by  exjxjsure  to  air  for  DO  hours  at   11()°(\ 

Many  forms  of  apparatus  ha\e  been  devised  to  expedite  tlu' 
woik  of  si.paration  of  llcat  and  siidv  samples  with  heavy  solutions. 
The  particular  ap})aratus  employed  in  the  above  work  was 
suir<rested  by  E.  StanstieUl.  and  constructed  in  the  I'uiversity  work- 
shops. Four  brass  cylinders  were  made.  \'>:1  cm.  lon«r.  and  •''.<)  cm. 
diameter.  These  were  fitted  with  a  cone  constriction  in  the  middle 
which  could  be  closed  with  a  screw-operated  cone  \al\e.  as  shown 
in  FiiTure  0.     The  slope  of  the  sides  of  the  cones  was  made  C0°  to 
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insure  apiinst  particles  beiiia'  retained  on  their  surfaee  and  to 
facilitate  relno^al  of  the  treated  sample.  A  'Jo-gram  sample  of 
coal,  crushed  to  pass  a  U:-niesh  screen,  was  placed  in  each  cup,  with 
the  valve  raised  clear  of  its  seat,  and  the  cu})s  were  filled  with  the 
desired  solutions.  Thev  were  then  centrifujred  for  15  minutes  at 
about  LITjO  r.p.m.,  and  the  \alves  then  closed.  The  float  from  the 
to})  half  of  eacli  cup  was  washed  out  on  to  a  suction  filter,  washed 
till  clean,  and  drie<l.  The  valves  were  then  removed  from  the  cu])s, 
and  the  sink  was  treated  in  the  same  manner.  The  di'ied  sami)les 
weiv  afterwards  wei^rhed  and  aiuilyzed.  Calcium  nitrate  solutions 
were  used  for  the  denser  solutions,  and  calcimn  chloride  for  the 
lisrhter  ones. 
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Figure  5. — Comparison   Curves,  Pembina  Coal. 


C'akhomzaiion 


The  proiii'auni  e  of  caihoni/ation  which  l!a<l  been  proposed  for 
XWl-l  had  to  be  much  curtailed  on  account  of  ])ressure  of  other  work. 
Nevertheless  pi'ofjress  was  made.  A  number  of  additions  and 
changes  were  made  to  the  apparatus,  and  twenty-three  runs  con- 
ducted. The  year's  work  was  largely  concerned  with  methods  for 
regulating  the  gas  pump  to  give  a  reasonably  constant  i)ressure  in 
the  carbonizei-.  and  with  improvement  of  the  gas-sci-ubbing  system 
to  insure  comi)lete  removal  of  the  tar  from  the  gas.  Many  attempts 
were  also  made  to  prevent  the  choking  of  the  gas  outlet  pipes  with 
pitch  and  dust,  as  this  choking  madi'  it  hai'd  to  ins  ire  continuous 
operation  for  more  than  ten  to  twelve  hour-.     During  tlu'M'  changes, 
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Figure    6. — Centrifuge    Cup    for    Separatintj-    Float    and    Sink    in    Heavy 

Solution  Work. 

the  caiboni/.er  ])1()jk'i-  was  jac-ketetl  with  pipe  hjoginii'  to  reduce 
heat  losses,  the  fras-scriibbing  system  Avas  enhir^ed,  a  water  spray 
introduced,  and  a  larfre  dust  catcher  was  added  at  the  gas  outlet. 
T\us  lattei-  ap|)i'aivd  to  have  solved  the  chokinp;  difficulty,  but  no 
lonji  i-iui  was  made  subse(|uently.  Further  work  was  concerned 
with  the  (lrvin«r  of  the  coal.  In  the  earlier  runs,  the  carbonizer  was 
fed  with  dry  coal.  Itut  it  was  recoj^nized  that  for  commercial  opera- 
tion the  preliminary  drying  of  the  coal  involved  a  large  additional 
cost.  A  gas-heated  drier  was  therefore  constructed  as  an  integral 
l^art  of  the  carbonizer.  Tn  a  connnei'cial  unit  this  would  be  heated 
with  the  waste  heat  from  the  caibonizer  proper.  Tests  showed  that 
this  drier  worked  satisfactorily,  and  in  fact  the  operation  of  the 
whole  system  became  even  better  than  before.  Tn  the  later  Avork. 
test  runs  of  si.\  to  eight  hours  were  uuule  imder  \ai'ving  conditions 
to  ascertain  the  yields  and  anah'ses  of  the  dili'erent  products  and 
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by-products.  Mr.  A.  PI  Cameron,  of  tlie  Minino:  Engineering 
Department,  helped  during  June  with  this  work,  and  particuliirly 
with  the  construction  of  the  (h-ier.  Mr.  X.  TI.  Atkinson  made  all 
runs  from  October  to  December.  Table  VII.  indicates  briefly  the 
type  of  results  obtained. 


Table  VII. 


Run    No 

Date    1922 

Total      coal      carbonized 

lbs. 
Rate    of    carbonization: 

Coal  charged  per  hr., 

lbs. 

Char    discharged    per 

hr lbs. 

Yield  of  carbonized  coal, 
or  char: 
per    100    lbs.    coal    as 

charged,    lbs. 

per  100  lbs.  dry  coal, 
lbs. 

Yield    of    tar     (moist): 

per    100    lbs.    coal    as 

charged,    lbs. 

per  100  lbs.  dry  coal, 

lbs. 

per     100     lbs.     char, 
lbs. 

Yield    of    gas: 

per    100    lbs.    coal   as 

charged     c.f. 

per  100  lbs.  di'y  coal, 

c.f. 

per  100  lbs.  char,  c.f. 

Analysis       of       coal       as 
charged: 

Moisture    ^ 

Ash    i 

Volatile    matter    i 

Fixed   carbon    "f 

Calorific  value   

B.t.u.   per  lb. 

Analysis    of    char: 

Ash    ^ 

Volatile    matter    i 

Fixed    carbon    i 

Calorific  value  

B.t.u.  per  lb. 

Moisture   in   crude   tar   f 


15 
Oct. 
12 

53 


11.7 
7.0 

59.3 

72.6 

2.5 
3.1 
4.3 


146 

178 
246 


18.3 
36.2 


16.8 


14 
Oct. 
10 

60 


59.7 
71.3 

1.6 
1.9 

2.7 


182 
255 


16.3 


33.9 


15.2 


7 
June 
16 

61 


11.6  I     12.0 
6.9         6.7 


55.4 
68.7 

3.6 
4.4 

5.2 


152      I  204 


252 
366 


11.8 
15.2 
73.0 


9 

June 

27 

250 


13.2 

7.5 

56.8 
70.5 

3.5 
4.3 
6.2 


163 

202 

287 


.19.4  1  19.4 

7.9  7.5 

31.7  I  28.2 

41.0  I  44.9 


21.4  I    21.4 


9,190 

12.6 

13.8 

I     73.6 

|l2,420 


16 
Oct. 
17 

10 

July 

11 

46 

99 

9.4 

10.2 

5.3 

5.5 

1 

57.0 

1 
53.7  1 

68.9 

66.7  ! 

2.6 

2.2 

3.1 

2.7  1 

4.5 


240 

347 


17.3 
'32.'2 


13.8 


4.1 


198        266 


330 
496 


9,270 
13.3 


23.6 


12,740 


19 

Dec. 

1 

53 


9.7 
5.5 

56.5 

64.8 

0.9 
1.0 
1.5 


352 

404 
622 


19.5  I     12.9 

6.8  I 

I    35.8 


8.2 


13.6 


NOTE: — The  runs  are  arranged  in  order  of  increasing  degree  of  carbon- 
ization. Tar  yields  are  given  over  the  whole  period  of  a  test; 
other  yields  and  analyses  are  given  for  a  steady  period  during  the 
middle  of  a  run,  thus  excluding  the  starting  and  stopping.  Gas 
volumes  are  calculated  to  gas  measured  moist  at  60 -F.  and  30-in. 
of  mercury  pressure. 
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Briquetting 

Tlie  l)ri(|nettiiiii"  c'(]ui])i)U'!it  onlorcd  in  l-'cbiimrv  was  not 
delivered  at  the  T^niversity  until  October,  and  was  not  ready  for 
operation  until  December.  It  uas  therefore  only  possible  to  make 
a  few  i)i'eliminary  tests  during  ll)'i*2.  The  press,  made  by  Robert 
Middleton  &  Co.,  Leeds,  England,  is  a  small  capacity,  strongly-built 
machine,  designed  for  experimental  work  rather  than  for  com- 
mercial output.  It  is  of  a  horizontal  doul)le-plunger  type,  and  is 
rated  to  exert  a  ])ressure  of  two  tons  ])er  s(]uare  inch,  or  seven  tons 
in  all.  upon  the  briquette.  This  pressure  is  exerted  through,  and 
controlled  by  a  spring.  The  briciuettes  are  oval,  SVo-in.  long, 
1%-in.  across,  but  of  varying  thickness,  usually  1  to  li/.-in.  The 
press  is  driven  at  a  speed  to  make  25  briquettes  a  minute,  and  thus 
has  an  output  of  414  pounds  per  minute  Avhen  making  3-ounce 
briquettes.  Simple  adjustments  make  it  possible  to  regulate  the 
feed,  and  therefore  the  size  of  the  briquette;  also  the  pressure 
extertecl,  and,  to  a  slight  extent,  the  duration  of  the  pressure. 
Accessory  equipment  includes  a  small,  steam-jacketted  batch  mixer, 
and  a  larger  mixer,  or  flluxer,  which  is  also  steam-heated,  and  from 
which  the  jnixture  is  discharged  by  g]-avity  into  the  feed  hopper 
of  the  press.  Steam  can  be  blown  into  the  mixture  in  either  the 
mixer  or  the  fluxer  at  will.  The  foundation  for  the  press,  wdiich  was 
reciuired  to  have  a  total  height  of  about  eight  feet,  was  designed 
by  Professor  I.  F.  Morrison  of  the  Civil  Engineering  Department, 
and  constructed  by  the  I'niversity  Works  Department.  The  latter 
department  also  erected  the  accessory  machines,  all  the  necessary 
hangers,  shafting,  pulleys,  etc.,  and  made  the  steam  connections. 
N.  H.  Atkinson  supervised  all  cimstruction  work.  Onh''  eight 
batches  of  briquettes  were  made  during  192-2,  but  these  at  least 
served  to  indicate  that  the  equipment  is  Avell  suited  to  the  proposed 
investigations. 
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BOILER  TRIALS 

Hv  Charles  A.  Ronn 

Professor  of  M  echanhal  Engi  nee  ring 

University  of  Alberta 

Report  of  boiler  trials  conducted  at  Rlaiit  X(».  '1  of  the  rniver- 
sitv  of  Alberta  at  Edmonton. 

Introduction 

The  l)<)iler  trials  have  been  conducted  at  the  request  of  the 
Scientific  and  Industrial  Research  Council  of  Alberta  for  the 
pur[)ose  of  estaljlishiuii"  the  relative  values  of  the  different  Alberta 
coals  in  the  generation  of  steam. 

It  is  to  be  noted  that  the  furnaces  on  which  the  trials  were 
cai'ried  out  are  specially  constructed  to  burn  the  local  coals. 

l^i-eliminary  runs  were  made  to  permit  the  staff  to  becouie 
familiar  with  the  characteristics  of  the  coal  to  be  tested.  The  trials 
in  all  cases  were  of  eight  hours  duration. 

The  water  fed  to  the  boiler  was  measured  by  nieaus  of  a 
Cochrane  V-notch  meter  and  the  coal  was  weighed  on  a  Fairbanks 
platform  scale. 

The  alternate  method  (A.S.M.Pl)  of  conducting  boiler  tiials 
was  used  throughout. 

The  oi'der  of  (reatuicut  of  the  coals  is  based  ou  r)nll('tin  Xo.  'i:> 
of  the  Miucs  l)i-auch,  Ottawa.  '•Analyses  of  Cauadiau  Fuels." 

Desckiciions  of  Boilers 

The  boilers  are  I^abcock  and  AVilcox  water  tube:  heatiug 
surface,  'iJUT  s(|uare  feet;  builder's  rating,  'I'lO  \\.\).  '\\\v  haud-tired 
unit  has  a  grate  area  of  44  scpiare  feet,  the  furnace  beiug  a  l):itch 
oven  tyi)e  with  fixed  grates.  The  chain  grate  sfoker.  which  is 
special,  has  a  grate  area  of  <»()  s(|uare  feet  aud  close  liuks. 

A<   KNOW  LEI)(iMKNTS 

.\ll   the  coals  were  oblaiued   thi-ough   the   Research   ('ouucil. 

The  analyses  and  determiuatious  of  the  calorific  value  for 
Test  No.  28  is'the  work  of  Mr.  J.  A.  Kelso,  Proviucial  .Vnalyst.  aud 
for  Tests  Xos.  24  and  'i:^,  the  work  of  .Mi\  R.  T.  Hollies  of  the 
ludustiial    Research   Dejiartuieut. 

Mr.  11.  A.  .Mc.Millau.  eugineei'  iu  chai'ge  of  Flaut  No.  •_'.  maiu- 
tained  (he  boilers  in  proper  woiking  couditioii.  aud  assistetl  in 
carrying  out  the  trials. 

Messrs.  R.  T.  Hollies.  ,1.  W.  Lewis  aud  F.  C.  Smith  assisted. 
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GEOLOGICAL  INVESTIGATIONS  DURING  1922 

BY  JOHN  A.  ALLAN 


Diiriiio-  the  year  1!>'22  the  writer  directed  two  tield  siii-vey 
parties,  and  visited  several  diiferent  localities  Avithin  the  province 
to  investiuate  mineral  possibilities.  Before  the  field  season  be|o:an, 
considerable  time  was  si)ent  on  the  report  on  the  •"Geolojiy  of  the 
Dnimheller  Coal  Basin."  which  was  ready  for  distribntion  in  Ma}' 
as  the  Third  Annual  lveiK)rt  (m  the  Mineral  Eesources  of  Alberta, 
19'il.  The  ireolooical  surxey  of  the  Drnndieller  coal  basin  was  the 
beojinning  of  an  extended  proarain  of  field  woi-k  on  various  coal 
basins  in  All)erta. 

Two  districts  were  examined  geoloiiically  during  the  sunnner 
of  \ii'2'2.  and  the  results  of  these  investi<>'ati()ns  are  ii'iven  in  some 
detail  as  the  Fourth  Annual  Report  on  the  Mineral  Resources  of 
Allu-rta,  ld'2'2,  so  only  a  brief  sunnnaiw  will  be  given  here. 

S.M '^•l)I•:I;s  Ckkkk  axd  X<)i;nK(;(i  Coal  Basins 

The  area  surveyed  covers  al)out  (i.")!)  s<|uare  miles,  and  extends 
a  Ion  ix  the  Canadian  National  Railway  (Brazeau  bi-anch)  from  mile 
125  west'  to  Nordegg  (mile  ID')),  and  from  Saskatchewan  i-i\cr 
north  to  the  Nordegg  and  Blackstone  rivers  at  the  north  boundary 
of  township  43.  Nearly  four  months  were  spent  in  the  field.  The 
regidar  ])arty  consisted  of  four  men,  with  R.  L.  Rutheid'ord  in 
charge  and  .1.  ().  (x.  Sandci'son  as  assistant  geologist.  The  wi-iter 
also  sj)ent  as  much  time  as  possible  with  this  party.  The  results 
of  the  investigation  are  contained  in  the  Fourth  Annual  Rei)ort  on 
the  Mineral  Resources  of  Albei'ta,  Pai-t  I.,  entitled  '"Saunders  Creek 
and  Nordegg  Coal  Basins,"  j)repai-(Ml  l)y  the  writer  and  R.  L. 
Rutherford.  The  report  is  acc()mj)anicd  by  a  geological  map  on 
the  scale  of  (wo  miles  to  the  inch. 

In  this  ai'ca  then'  are  two  distinct  coal  basins.  The  coal 
measures  in  the  Saunders  cri'ek  basin  are  of  u})per  Cretaceous  age, 
and  correspond  to  the  Belly  River  coal  formations  in  central  and 
southern  Albci-ta.  The  Nordegg  coal  mcasui-es  are  in  the  Kootenay 
foi'ination.  of  lower  Cretaceous  age. 

The  struclui'c  and  di.-^tribiit ion  of  tlu'  coal  measures  in  the  (wo 
basins,  and  the  associated  formations.  ha\e  been  mapped  as 
accurately  as  field  data  would  warrant.  The  basins  are  separated 
by  an  outlier  of  the  Rocky  mountains,  known  as  the  lirazeau  range, 
which  consists  largely  of  Palaeozoic  rocks. 

The  s(ruc(ure  in  (he  Saunders  Ci-eelc  basin  is  simple,  and  con- 
sists of  a  i)road  syncline  (o  (he  east,  a  narrower  antitdine.  and  a 
slightly  overturned,  asynnnetrical.  syncline  to  the  west.  The  coal 
seams  are  contained  in  a  series  of  beds  about  170  feet  in  thickness. 
There  are  at  least  Toin',  and  possibly  five  coal  seams  in  the  measiu-es, 
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but  only  two  luivc  been  mined  at  the  present  time.  There  are  four 
mines  in  operation  on  these  yonnger  measures,  namely,  Bifjhorn  and 
Saunders  Ci-eek,  Saunders  Alberta,  and  Alexo,  located  on  the  west 
limb  of  the  syneline,  and  ITarleeh  mine  on  the  west  limb  of  the 
Stolbero-  anticline.  Seam  No.  2,  numbered  from  the  bottom  of  the 
measures,  is  bein<2;  worked  in  all  these  mines,  and  No.  4  is  being 
oi)ened  up  in  Harlech  mine.  The  coal  appears  to  be  somewhat 
cleaner  towards  the  west,  and  especially  towards  the  north-west, 
but  the  seams  are  more  faulted  and  disturbed  towai^ds  the  west. 
The  beds  to  the  west  have  been  subjected  to  greater  deformation 
when  the  Tirazeaii  range  was  being  uplifted.  Coal  seams  outcro]>- 
|)ing  near  the  mouth  of  Colt  creek  and  the  Nordegg  show  a  much 
more  blocky  type  of  coal  than  along  the  railway. 

In  the  Nordegg  coal  basin  the  coal  seams  occur  near  the  bottom 
of  the  Kootenay  formation.  There  are  at  least  five  coal  seams  in 
these  measures,  but  only  seams  No.  2  and  No.  3  are  being  mined  by 
the  Brazeau  Collieries  at  Nordegg.  This  company  is  the  only  one 
operating  in  this  basin.  All  sti'ata  have  been .  alf'ected  by  forces 
prevalent  during  the  mountain-building  period,  so  that  the  coal  is 
intensely  crushed,  and  is  extracted  in  small  lenticular  fragments. 
A  third  seam  of  coal  in  these  measures  is  thick  enough  to  work  at 
a  profit,  but  the  ash  content  is  high  where  the  seam  has  been  pros- 
pected. 

A  thin,  but  badly  crushed,  series  of  Kootenay  beds  were  dis- 
covered on  the  Saslvatchewan  at  the  east  end  of  the  gap.  At  least 
two  coal  seams  occur  in  this  section,  dipping  nearly  vertically,  but 
the  coal  is  intensely  crushed  by  the  overthrust  I'alaeozoic  rocks  in 
Brazeau  range,  which  rise  two  thousand  feet. 

The  results  of  this  field  survey  have  shown  that  both  the 
Saunders  and  Nordegg  coal  basins  extend  south  of  the  North 
Saskatchewan  river,  but  the  continuation  of  these  coal  basins  has 
not  yet  been  prospected  as  the  district  is  not  readih'  accessible,  the 
railway  following  the  north  side  of  the  valley. 


Lake  Atiiat.aska  Iron  Ores 

An  investigation  was  carried  -out  in  a  district  on  the  north 
shore  of  lake  Athabaska,  where  a  large  deposit  of  couimercial  iron 
ore  was  reported  to  occur  and  on  which  five  mineral  claims  had  been 
staked  by  E.  A.  and  N.  C.  Butterfield.  This  area  is  in  the  vicinity 
of  Fishhook  and  Moose  bays  on  the  north  shore  of  lake  Athabaska, 
50  miles  east  of  the  Alberta-Saskatchewan  boundary,  112  miles  east 
of  Chii)ewyan  and  3r)()  miles  from  Waterways,  the  closest  railway 
tei'iniuus.  The  reported  occurrence  of  a  connnercial  deposit  of  ii"on 
ore  in  this  part  of  Cauada,  and  the  fact  that  any  minerals  oi-  other 
resources  on  lake  Athabaska  would  have  to  be  brought  out  to  market 
through  All)erta,  were  the  princijjal  ivasons  for  the  authorization 
of  a  field  survey  of  this  district  in  1922. 

The  ivi)ort  on  this  investigatiou.  by  Alau  K.  Cameron  wui]  the 
writer,  is  call(Ml  '""An  Occui'reuce  of  Ii-on  Ore  ou  Lake  Athabaska," 
and  forms  Part  11.  of  the  Foui-th  Annual  Iveport  on  tlie  Mineral 
Resources  of  Alberta,  1922. 
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'I'lio  most  favorable  consideration  was  <riven  to  the  problem, 
but  the  writers  have  eome  to  the  conclusion  that  field  investiga- 
tions, analyses  of  san.ples.  and  a  microscopic  stud}'  of  the  rocks, 
show  that  "there  is  no  connnei-cial  dejiosit  of  iron  ore  exposed 
around  Fishhook  bay;  and,  fuithermore,  that  the  surface  exposures 
do  not  indicate  that  enrichment  can  be  expected  at  depth  which 
woiiM  produce  an  economic  deposit  of  iron." 

Chapter  II.  in  this  report  includes  a  discussion  of  the  com- 
mercial possibilities  of  producing  iron  ores  from  lake  Athabaska 
district,  "assuming  that  large  deposits  of  high  grade  ore  are  dis- 
covered in  the  future."  The  conclusion  arrived  at  is  that  the  cost 
of  trans])ortation  of  ore.  fuel  and  other  materials,  and  the  decidedly 
limited  market  of  the  i)niducts.  "prohibit  for  the  present  time  the 
comuicrcial  development  of  any  iron  ore  deposits  which  might  be 
found  about  lake  .Vthabaska." 

Th.is  report  is  accon:panied  by  a  geological  map  of  lake  Atha- 
baska district,  a  sketch  map  of  Fishhook  bay.  and  several  photo- 
graphs and  photomicrographs  which  show  the  tj^pe  of  country  and 
the  character  of  the  inm-bearing  rocks. 


Pong  K A  Gas  Well 

In  May,  the  writer  made  an  examination  of  the  gas  well  at 
Ponoka,  at  the  request  of  Hon.  Alex.  Ross,  ^Minister  of  Public 
Works.  A  report  was  requested  on  the  supply  of  gas  available,  for 
use  in  certain  departments  in  the  Provincial  Hospital  for  the 
Insane,  and  on  the  ad\isability  of  drilling  another  well.  After  in- 
vestigating all  available  data  on  the  depth  of  the  well  and  the  gas 
supi^ly  encountered  when  drilling,  the  recommendations  made 
included  the  following:  (1)  that  it  is  not  advisable  to  drill  an- 
other well,  as  an  adeipiate  gas  supply  for  the  whole  institution 
could  not  be  expected;  (2)  that  since  the  gas  pressure  on  a  Bourdon 
gauge  on  the  top  of  the  well  casing  was  45)0  lbs.  when  the  examina- 
tion was  made,  it  was  advisable  to  have  a  capacity  test  made  of  the 
gas  flow  over  a  period  of  several  daj's  to  tletermine  the  available 
daily  flow  of  gas. 

This  test  was  carried  out  later  by  C.  A.  Robb  over  a  period  of 
about  two  weeks,  and  his  report  shows  that  the  gas  w^ell  has  an 
assui'ed  daily  ca])acity  of  00,000  cubic  feet  for  some  years. 


Soils  Survey 

Four  days  in  Septembei-  were  sj)ent  in  the  field  in  company 
with  Dr.  F.  A.  A\'yatt,  who  was  conducting  a  soils  survey  in  the 
southeastei-n  j^ai-t  of  the  i)i-ovince.  The  ol)ject  of  this  investigation 
was  to  determine  the  distribution  of  the  glacial  deposits  and  the 
relation  of  these  deposits  to  the  soil  tyj^es.  In  this  short  period  the 
district  examined  included  from  Medicine  Hat,  north  twenty  miles, 
west  to  Champion,  and  south  to  Nobleford.    The  approximate  dis- 
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tribiition  of  the  jrlacial  moraines  was  noted,  and  details  of  this 
investigation  are  inchuled  in  a  rejiort  made  to  the  Soils  Depart- 
ment. 

The  neeessit}'  is  apparent  of  more  extended  and  detailed  sur- 
ve\"S  of  the  glacial  deposits  throughout  Alberta  in  order  to  int^^rpret 
the  distribution  of  certain  types  of  soil. 


Otiikr  Tnvkstications 

Preliminary  investigations  Avere  made  on  the  structure  east 
and  south  of  Viking,  where  there  ai-e  petroleum  possibilities,  and 
also  on  the  Sweet  Grass  arch  in  the  vicinity  of  Coutts,  Alberta, 
where  drilling  has  been  started  during  the  year  to  prove  petroleum 
indications.  The  recentl}^  developed  Sunburst-Kevin  oil  field  in 
Montana  was  also  visited.  Drilling  began  on  this  structure  about 
a  year  ago,  and  there  are  today  over  30  producing  wells,  and  over 
100  drills  at  work.  There  are  producing  wells  within  ten  miles  of 
the  southern  boundary  of  Alberta,  so  that  prospects  are  hopeful 
for  the  discovery  of  petroleum  in  commercial  quantities  on  adjoin- 
ing Canadian  lands. 

During  the  year,  about  seventy  specimens  were  examined  in 
the  laboratory,  of  which  twenty-two  were  clays.  Only  shrinkage 
and  low-ten  perature  burning  tests  can  be  made  with  the 'ceramic 
e(|uii)ment  now  on  hand. 
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THE  BITUMINOUS  SANDS  OF  NORTHERN 

ALBERTA 

TllKIlJ  SKPARA'noX   AND  TIIKIU  UTILTZATIOX  IX 

IJOAD  COX8TRITCTION 

\\\  K.  A.  Ci>ai;k 


INTRODUC^TION 

In  vest  i  "jut  ion  has  been  conliniied  tlirouj^'liout  the  year  lU-2-2  of 
ways  and  means  of  converting  the  Northern  Alberta  bituminous 
sand  deposits  into  an  economic  asset  of  the  province.  The  Second 
Annual  Iveport  contained  a  <;eneral  discussion  of  the  factors  in- 
vohed  in  dealinu-  with  the  pi'oblem  of  commercially  developinir  the 
bituminous  sands.  This  reixut  will  i)resent  a  discussion  of  the 
exj^erimental  work  which  has  so  far  been  carried  out  in  tiie  attempt 
to  find  a  solution  for  the  problem. 

The  ])i-()blciu  of  the  counuei'cia  I  di'X'elopiiient  of  the  bitiuuiuous 
sand  dei)osits  ai)]iears  to  be  two-fold  in  nature:  it  involves  the 
iiiNcntion  of  a  suitable  scheme  for  separatin<;  from  each  other  the 
bituminous  and  mineral  constituents  of  the  bituminous  sand;  and 
it  also  involves  the  development  of  a  market  for  the  separated 
bituiuen  of  sufficient  mag'nitude  to  justify  commercial  operations. 
It  has  been  fivquently  suir,<>:ested  that  the  crude  material  could  be 
excavated  and  ship])ed  to  cities  and  towns  in  the  jjrovirice  for  direct 
use  in  the  construction  of  bituminous  pavements.  It  is  apparent, 
however,  from  the  experience  of  tlie  past  season  in  the  construction 
in  Edmonton  of  bitiuninous  sidewalks,  as  noted  later,  that  build- 
in*;  pavements  with  crude  bituminous  sand  is  both  complicated  and 
costly.  The  Edmonton  sidewalk  experiment  supports  the  con- 
tention that  the  ])rimarv  step  in  any  sclieme  of  commercial  develop- 
ment must  be  in  the  se])aration  of  the  bitumen  constituent  of  the 
bituminous  sands  from  the  sand  which  constitutes  the  bulk  of  the 
deposit.  In  keepin*;  with  this  contention.  exi)erimental  work'  has 
been  undci-  way  during"  tlie  i)a'^t  two  years  Tor  ihc  |)ur])ose  of 
devi.^iuii"  a  process  for  such  separation.  (Jood  progress  has  been 
made.  The  sepai'ation.  liowever,  is  only  a  primary  step  towards  the 
.solution  of  the  bituminous  sand  problem.  There  must  be  a  market 
for  the  bitumen  when  separated.  The  opinion  was  stated  in  the 
St^cond  Aimuai  Keport  that  it  would  not  be  conunei'cially  feasible, 
for  some  years  to  come,  to  manufactuiv  from  bituminous  sands  sub- 
stitutes for  such  rehued  jx'ti-oleum  ])r(>(hicts  as  motor  s])irits  and 
lubricants.  Nothinii;  has  come  to  liirht  since  to  modify  that  o])ini()n. 
The  natuial  uiai-ket  i'ov  the  bituminous  sand  bitumen  is  the  same  as 
that  foi'  other  asphalts,  namely,  the  nuirket  civated  by  pavement 
and   i-oad  construction.     Althoueii  I'vidence   is  against  the  pi'actic- 
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ability  of  crude  bituminous  sand  for  building  pavements,  there 
seems  to  be  reason  to  hope  that  the  case  will  be  otherwise  for  the 
separated  bitumen.  The  possibility  of  developing  a  prairie  type  of 
stabilized  earth  road  by  the  use  of  a  c-hea|)iy  sejiarated  bituminous 
sand  as])luii(   is  particularly  interesting. 

Develoi'aient  of  Method  of  Sefakation 

A  scheme  of  separation  of  the  bitumen  content  of  the  bitu- 
minous sands  often  advocated  by  develoi)meut  promoters  is  that  of 
retorting,  or  of  destructive  distillation.  This  method  of  proceduiv 
was  the  subject  of  a  considerable  part  of  the  discussion  of  the 
bituminous  sands  in  the  Second  Annual  Kepoi-t.  Xo  further  com- 
ments will  now  l)e  otFered.  Instead,  I  wish  to  discuss  the  plan  of 
sejjaration  Avhich  is  being  followed  in  the  laboratory  of  the  Indus- 
trial liesearch  r)e])artinent. 

The  scheme  of  separation  of  the  bituminous  sand  bitumen  from 
its  associated  sand  and  silt  which  is  being  developed  in  the  Indus- 
trial Research  laboratory  has  grown  out  of  an  idea  that  occurred 
to  me  some  years  ago  while  working  for  the  Mines  Branch,  Depart- 
ment of  Mines.  Ottawa,  on  road  materials  surxeys  on  the  prairies. 
I  was  particularly  imj)ressed  by  two  oi)servations  which  I  made: 
the  great  lack  of  stone  and  gravel  deposits  in  the  prairie  provinces 
as  compared  with  the  eastern  provinces;  and  the  surprising 
stability,  during  diy  weather,  of  many  of  the  jirairie  earth  roads. 
Construction  of  the  ordinary  tyi)es  of  road  surfaces,  which  dei)en(l 
on  the  use  of  stony  material,  seemed  out  of  the  (luestion.  On  the 
other  hand  the  jn'airie  earth  road  was  obviously  inade(|uate.  Many 
of  tlie  earth  roads  were  good  under  ideal  weather  conditions,  but 
wet  periods  made  them,  in  many  cases,  impassal)le.  The  question 
miturally  arose  of  whether  it  was  possible  to  stabilize  the  prairie 
earth  i-oad  by  tivatment  with  small  (]uantities  of  some  available 
material,  and  f hereby  to  lix  tlieiu  in  such  a  way  that  their  good 
(jualities  would  ])ei-sist  thi'ough  wet  weathei".  The  idea  of  the  use 
of  bituminous  emulsions  came  to  my  mind.  I  knew  of  the  Albei'ta 
deposits  of  bitiuniiu)us  sand.  \\\\y  not  emulsify  the  asphaltic  bitu- 
men which  they  contaiiu'd^ 

It  was  not  until  the  winter  of  ll»l',>-:i()  that  I  secured  a  sample 
of  bituminous  sand  with  which  to  experiment.  The  attempt  was 
then  made  to  emulsif}'  its  bitumen  content  by  means  of  a  soap 
solution.  The  result  of  the  experiment  was  not  what  was  expected, 
but  was  very  interesting.  When  a  sample  of  bituminous  sand  was 
shaken  with  a  solution  (prefei-ably  a  hot  solution)  containing  one 
|)ei"  cent,  or  so  by  weight  of  soap,  emulsificat ion  did  not  residt.  but 
a  separation  of  sand  and  bitumen  took  place.  Clean  sand  and  small 
l)articles  of  bitumen  could  be  seen  through  (he  glass  xi'ssel  in  which 
the  exi)ei"iment  was  performed.  The  bitumen  diil  not  lloat ;  con- 
se(iuently,  though  the  two  constituent's  were  separated  in  the  sense 
that  they  were  no  longer  adhering  the  one  to  the  other,  they  were 
nevertheless  mixed  together.  The  sight  of  the  clean  sand  and  sep- 
arated bitiuuen  gave  oni'  the  impression  that  thei-e  was  little  left 
of  the  problem  of  separating  the  biduuinous  sand  into  its  constit- 
uents.    ^'et  all  adtempts  to  get  the  bitumen  into  one  Ncssel  and  the 
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sand  into  another  bocaiiic  inxohcd  in  difliculty.  If  a  sieve  was 
placed  in  the  sohition  to  collect  the  bitnnien  and  allow  the  sand 
to  pass,  the  sieve  promptly  hecanie  hopelessly  tarred.  All  arrange- 
ments to  utilize  a  sieve  ran  foul  of  this  trouble.  Attempts  to  Avash 
the  sand  and  bitumen  apart  were  unsatisfactory.  The  expedient 
of  introducin«r  a  light  oil.  such  as  kerosene,  into  the  bituminous 
sand,  in  order  to  lower  the  specific  gravity  below  that  of  water,  was 
tried.  It  was  expected  that  in  this  way  the  bitumen  could  be  in- 
duced to  float.  However,  the  separated  bitumen  seemed  always  to 
enmesh  enough  sand  to  keep  it  weighted  down  unless  an  excessive 
quantity  of  kerosene  was  added.  The  problem  of  separation  Avas 
at  this  stage  when  I  joined  the  stall'  of  the  Scientific  and  Industrial 
Research  Council  of  Alberta  at  the  University  of  Alberta. 

The  investigation  i)Mrsued  in  the  Industrial  Research  Depart- 
ment has  been  a  continuation  of  the  line  of  work  commenced  at 
Ottawa.  Solutions  of  substances  other  than  soap  have  been  tried. 
Among  these  may  be  mentionetl  sodium  hydroxide,  sodimn  carbon- 
ate and  silicate  of  soda.  All  of  these  solutions  accomi)lish  the  same 
result  of  causing  the  bitumen  content  of  the  bituminous  sand  to 
become  coni]iaratively  non-adherent  to  the  sand.  The  problem 
resolved  itself  into  that  of  effecting  the  removal  of  the  bitumen 
from  its  associated  mineral  matter  after  these  two  constituents  of 
the  bituminous  sand  had  been  caused  to  separate  from  one  another. 
Many  schemes  have  Ix'en  tried  and  discarded.  The  original  idea 
of  emulsification  was  tried.  It  was  found  that  when  a  small  i)ortion 
of  kerosene  Avas  added  to  the  bituminous  san'd,  and  the  mixture  was 
agitated  in  a  hot  solution  containing  both  soap  and  silicate  of  soda, 
the  bitumen  dispersed.  A  laver  of  emulsified  bitumen  rose  to  the 
top,  and  the  sand  settled  to  the  bottom  after  a  period  of  settling. 
However,  it  was  diflicult  to  collect  the  emulsion  Avithout  again  dis- 
persing it  in  the  solution.  Fn  any  case  there  Avas  a  great  deal  of 
water  present  Avith  the  emulsion.  A  Sharpies  centrifuge  Avas 
secured  to  facilitate  the  separation  of  the  bitumen  from  its  asso- 
ciated Avater.  This  scheme  failed  because  of  the  presence  in  the 
emulsion  of  very  finely  divided  mineral  matter  which  refused  to 
settle  out  by  gravity.  'Jhis  mineral  nuitter  deposited  in  the  centri- 
fuge and  choked  it.  Another  set  of  experiments  folloAved  up  the 
obser\ation  that  whew  the  bituminous  sand,  after  treatmtent  Avith 
a  soaj)  or  silicate  of  soda  solution.  Avas  placed  on  the  surface  of  a 
body  of  hot  water  the  bitumen  tended  to  film  out  and  remain  on 
the  surface  Avhile  the  sand  broke  through  and  sank.  HoAvever,  a 
good  deal  of  sand  also  floated,  and  a  good  deal  of  bitumen  sank.  A 
sandy  bitumen  concentrate  and  tarry  sand  tailings  Avere  the  con- 
stant result.  .V  scheme  of  aeration  of  the  separated  bitumen  by 
the  aid  of  soap  fi-oth  was  devised  for  the  i)urpose  of  making  the 
bitumen  float :  luit  it  was  dillicult  to  carry  out  the  scheme  excej)! 
on  suuill  (piantities  of  mateiial.  and  sand  tailings  free  from  bitu- 
men were  seldom  obtained.  Attempts  Avere  made  to  Avash  the  sand 
away  from  the  bitumen.  A  trial  run  Avith  cold,  separated,  bitu- 
minous sand  on  a  Wilfley  table  gave  some  encouragement,  but  no 
satisfactorA'  method  of  procedure  Avas  found. 

A  scheme  which  Avas  finally  found  for  removing  the  separated 
bitumen  from  the  sand  gives  good  promise  of  being  commercially 
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feasible.  The  bituiiien  is  floated  on  liot  water.  No  addition  of  kero- 
sene or  otlier  oi]  is  made.  A  bitumen  concentrate  is  obtained  which 
contains  less  than  159^  (and  occasionally  as  low  as  5%)  of  very 
finely  divided  mineral  matter,  and  from  15%  to  20%  of  water.  The 
sand  tailin^rs  retain  about  1%,  only,  of  bitumen.  Euns  of  100 
pounds  of  bituminous  sand  have  been  handled  in  the  small  trial 
apparatus  so  far  em])loyed.  A  small  plant,  provided  with  appro- 
priate mechanical  contrivances  for  continuous  operation,  is  now 
in  process  of  construction.  It  will  handle  about  one-half  ton  of 
bituminous  sand  per  hour.  One  hundred  tons  of  bituminous  sand 
are  on  hand  for  treatment  in  the  trial  plant.  The  attempt  to  sep- 
arate this  quantity  of  material  should  determine  fairly  definitely 
whether  the  present  scheme  of  treatment  is  a  possible  commercial 
process.  The  cost  of  production  of  bitumen  concentrate  will  also 
be  determinable  from  data  collected  durinjj  the  experiment.  De- 
tails of  the  methods  and  results  Avill  be  published  in  a  later  report. 

F'yleman's  Process 

Study  of  the  prol)lem  of  the  separation  of  the  bituminous  sands 
has  not  been  confined  to  the  Industrial  Research  Laboratory,  nor 
even  to  Canada  or  to  America.  Our  bituminous  sand  deposits  are 
well  known  in  England,  and  En^-lish  technologists  have  given  them 
their  consideration.  An  English  chemist.  Ernest  Fyleman.  has 
recently  published  a  very  interesting  paper*  on  his  work  on  sep- 
arating the  bituminous  sands.  It  appears  that  Fyleman  has  been 
following  up  a  very  similar  idea  to  that  which  underlies  the  work 
that  has  been  proceeding  in  our  own  laboratory.  He  has  found 
that  treatment  of  bituminous  sands  (the  Alberta  bituminous  sands 
are  particularh'  mentioned)  Avith  dilute  solutions  of  alkali  salts 
or  h^'droxides,  of  soap  or  other  froth-forming  substances,  or  of 
dilute  acids,  result  in  a  drawing  away  or  separation  of  the  bitumen 
from  the  sand.  A  patentt  for  this  process  has  been  granted  to  hiui. 
The  problem  of  removing  the  bitumen  from  the  sand  after  these 
constituents  have  been  caused  to  separate  from  one  another  is 
lightly  passed  over  by  Fyleman.  He  saj'S,  for  instance :  '"The 
aqueous  liquid  can  be  used  indefinitely  to  repeat  the  process  with 
fresh  quantities  of  tar  sand,  and  the  sand  i^articles,  which  are  very 
fine,  can  be  flushed  away  through  a  coarse  sieve,  or  separated  l)y 
any  of  the  usual  hydraulic  si'])aiating  devices,  leaving  practit-ally 
pure  bitumen  together  ^\  ith  al)out  10  per  cent,  of  water,  which  it 
loses  on  heatinir.''  Fyleman 's  i)atent  specification  also  mentions 
the  expedient  of  introducing  kerosene  into  the  bituminous  sand  in 
order  to  cause  the  separated  bitumen  to  float. 

Theory  of  the  Ski'aration  Piiemomenon 

Fyleman  ofl'ers  a  theoretical  exj)lauatiou  of  tlic  phciiouicuou 
on  which  his  patent  is  based:  namely,  the  drawing  away  of  the 
bitumen   from   the  sand  of  a  bituuiinous  sand   when  the   latter   is 
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tiVMlcd  witli  :i  siiit:il»l('  soliUion.  The  I'xpliinat ion  is  hasctl  on  the 
snrface  enor«r.v  relationships  hiid  down  hy  Keinders*  as  governing 
the  distrihntion  of  an  insohible  solid  between  two  immiscible  li(inids. 
The  ariiuiiient  is  that,  in  a  system  consisting  of  bitnminous  sand  and 
an  a(|iieoiis  solntion.  the  sand  will  not  break  its  association  with  the 
bitimien  nnless  conditions  are  such  that  the  surface  eneriry 
de\  t'l()i)ed  by  the  sum  of  all  the  interfaces  l)etween  l^itumen  and  sand 
is  iiieater  than  would  be  the  case  if  the  sand  surfaces  Avere  in  con- 
tact with  -solution.  A\'hen  this  condition  is  fulfilled,  then,  in  accord- 
ance with  the  i)rincii)le  that  a  system  always  tends  to  chan<2;e  in  such 
a  way  as  to  reduce  its  free  energ}'^  content,  the  sand-bitumen  inter- 
faces will  break  down,  and  sand-solution  interfaces  will  be  estab- 
lished. Solutions  of  substances  which  are  found  to  bring  about  the 
separation  of  the  bituminous  sands  are  considered  to  establish  the 
surface  energy  relationshij)  denumded  by  the  theory. 

This  explanation  of  the  separation  of  bitumen  from  sand  when 
bituminous  sands  are  treated  with  proper  solutions  is  a  simi)le 
one:  but  it  leaves  out  of  consideration  several  features  Avliich  I  have 
obsei-ved  to  be  always  associated  Avith  the  separation  phenomenon. 
Fyleman's  theory  reciuires  as  the  necessary  and  sufficient  condition 
for  se])a ration,  that  the  bituminous  sand  be  in  contact  with  an  aque- 
ous solution  which  will  cause  the  development  of  less  surface  energy 
at  a  sand-solution  interface  than  exists  at  the  sand-bitnmen  inter- 
face. When  this  condition  is  made  to  exist,  the  contact  between 
sand  and  bitumen  should  disaj^pear.  Xo  modification  of  the  bitu- 
men phase  is  called  for.  Yet  it  seems  true  that  a  modified  bitumen 
l^hase  is  always  presen.t  when  conditions  are  right  for  separation. 
Furthei-.  samples  of  bituminous  sand  in  its  natural  state  can  1k' 
found  in  which  the  bituminous  phase  is  sufficiently  modified  to 
l)ermit  separation  to  take  place  in  pure  w^ater.  The  modification 
of  the  bitumen  to  which  I  refer  is  the  presence  in  the  bitumen  of 
water.  i)r()bably  in  the  enudsified  form.  If  the  bitumen  of  a  sample 
of  bituminous  sand  is  sufliciently  ''wt^t,""  it  will  not  adhere  to  the 
sand  surfaces.  The  primary  function  of  the  soluticm  which  causes 
the  separation  phenomenon  is.  to  my  mind,  to  create  a  condition 
under  which  water  enters  oi-  becomes  emulsified  in  the  bitumen. 
When  the  water  content  of  the  bitumen  has  become  sufficiently  high, 
the  separation  of  sand  from  liitunten.  if  gi\en  a  chance,  will  take 
place. 

My  contention,  that  the  separation  phenomenon  is  dependent 
iiixin  a  sufficient  watci-  content  in  the  bitumen  of  the  bituminous 
>aiid.  is  based  on  a  unuibcr  of  observations.  Examination  of 
samples  of  fVcsh  bituminous  sand  always  shows  (juite  a  high  content 
of  water.  Reckoned  on  the  basis  of  water  present  in  the  "wet"  bitu- 
men constituent,  the  watei-  content  has  varied  from  4:%  to  17% 
in  the  sami)les  which  I  have  examined.  The  water  content  of  a 
bitiuninous  santl  sample  droi)s  rapidly  when  exposed  to  the  air.  I 
have  followed  the  decrease  from  1.'}' i  to  '2J)' ',  of  water  during  five 
days  in  the  case  of  one  sample.  After  several  weeks,  the  water 
content  had  drop])e(l  to  O..")','.  A  sample  of  bitinuiiu)us  sand,  when 
freshly   removed    from   an   exjxjsure   at  the  deposit,  often   api)ears 
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(ijiiite  brown.  This  is  particularly  true  if  the  water  content  is  high. 
Samples  containing  less  water  are  increasingly  dark  in  appearance. 
An  uninitiated  observer  naturally  arranges  samples  of  bituminous 
sand  in  the  order  of  their  richness  in  bitumen  by  the  blackness  of 
their  color.  It  is  ((uite  a  surprise  to  him  when  he  discovers  that  the 
bitumen  contents  of  all  his  samples  are  about  the  same,  and  that  it 
is  the  water  content  that  is  variable.  If  the  surface  of  a  fragment 
of  fresh,  brownish,  bituminous  sand  is  rubbed  lightly  with  the 
finger,  the  surface  appears  to  turn  white  or  whitish.  Close  exam- 
ination shows  that  perfectly  clean  (juartz  sand  surfaces  are  exposed. 
The  gentle  brushing  biraks  the  bitumen  enveloi)es  surrounding  the 
sand  grains,  and  the  bitumen  then  tends  to  draw  away  from  the 
sand  surface,  bringing  it  plainly  to  view.  This  result  cannot  be 
obtained  with  a  black  sample  of  bituminous  sand.  The  bitumen  of 
low  Avater  content  does  not  draw  aAvay  from  the  sand  surface  to 
which  it  is  adhering.  A  supply  of  freshly  mined  bitumen  is  easily 
amenable  to  the  process  of  separation.  A  very  short  period  of 
treatment  Avith  a  soap  or  other  suitable  solution  causes  the  segre- 
gation of  the  l)itunien  and  sand.  I  have  worked  Avith  fivsh  samples 
which  re(juired  no  treatment  with  solution  at  all:  the  bitumen  and 
sand  drew  apart  when  the  sample  was  stirred  up  in  i)ure  hot  water. 
As  the  bituminous  sand  becomes  old  and  dry,  it  is  increasingly 
hard  to  treat.  The  explanation  Avhich  appeals  to  me  is,  that  the 
loAver  the  water  content  of  the  bituminous  sand  to  be  treated,  the 
longer  the  time  re(|uired  to  bring  up  the  Avater  content  of  the  bitu- 
men to  a  sutHciently  high  value  for  separation.  Finally,  bitumen 
concentrates  obtained  by  the  separation  process  always  have  a  high 
water  content,  ranging  as  high  as  25  per  cent.  Surface  energy 
relationships  are  undoubtedly  responsible  for  the  separation  phe- 
nomenon. But  it  is  my  conviction  that  the  introduction  of  Avater 
as  an  internal  phase  into  the  bitumen  is  an  essential  step  in  the 
mechanism  of  sei)aration  of  the  bituminous  sands  by  means  of 
a<iue()ns  sohit ions: 

USE   OF   ClU'DK    lUTUMIXOrs    SANDS    IN    PAVKMENT 

COXSTRUCTION 

The  coiislructiou  of  asphalt  pavemeuts  would  appear,  on  first 
sight,  to  be  a  most  logical  and  straightforward  procedure  for  i)ut- 
ting  the  Alberta  bituuiinous  sauds  to  ecououiii-  use..  This  material 
is  a  natural  mixture  of  sand  and  asphalt — the  two  principal  con- 
stituents of  sheet  asphalt  jwvements.  Successful  pavemeuts  have 
been  built  in  luany  parts  of  the  world  with  such  native  bituminous 
materials.  Alberta  cities  and  towns  are  coAering  their  streets  with 
sheet  asjihalt  compounded  by  the  use  of  asphalt  imi)orted  from 
afar  and  at  a  high  i)rice,  in  spite  of  the  fact  that  the  .Mberta  i)itu- 
miuous  sand  dei)osits  exist  and  offer  a  home  supply  of  asphalt 
naturally  mixed  with  sand.  It  might  ai)peai-  that  the  Idunder  was 
being  committed  of  importing  pavements  while  a  dei)osit  of  ready- 
uiade  paving  material  existed  at  hand.  This  aspect  of  the  situation 
has  caught  the  attention  of  the  layman,  with  the  result  that  the 
use  of  the  bituminous  sand  for  paving  [)ini>ose>  lias  long  been 
advocated.     The  euirini'er.  more  conversant  with  the  various  factors 
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invohc'd  in  the  cllitary  and  cost  of  construction  projects,  has  not 
been  so  impressed.  So  lon^:  as  transportation  facilities  to  the  bitn- 
Tuinoiis  sand  deposits  Avei'c  lacking,  no  convincinir  test  of  the  jDrac- 
tici!  suitability  of  (lie  l)ituniinous  sands  for  pavements  was  pos- 
sible. Diiiini:"  tlu'  past  year,  however,  facilities  for  mining  and 
transi)ortina-  I  be  bituminous  sands  became  available,  and  two  car- 
loads of  material  were  shipped  to  Edmonton  and  nsed  in  construc- 
tion work.  As  a  result  of  tbe  trial,  the  (|iiesti<m  of  whether  Alberta 
communities  can  build  a  pavement  more  economically  and  as 
etlicientlv  tbi-ouub  tbe  use  of  bituminous  sand  as  in  the  customary 
way  with  imp<uled  asphalt  can  now  be  given  a  fairly  definite 
answei". 

BiTrMiNOUs  Sand  Pavements 

11ie  construction  of  iiavements  with  bituminous  sand — even 
with  the  Alberta  bituminous  sand — is  no  innovation.  Rock  asphalt 
pavements  made  from  bituminous  limestones  and  sandstones  have 
been  well  known  in  European  cities  for  seventy-five  years.  Streets 
and  roads  have  been  successfully  paved  in  California  by  the  nse  of 
bituminous  sands  very  similar  in  character  to  those  occurring  in 
Alberta.  The  Alberta  bituminous  sands  themselves  have  been 
experimented  with  at  various  times  in  the  construction  of  stretches 
of  pavement.  Tiie  site  of  these  experimental  trials  has  very  natur- 
ally been  in  pAlmonton.  Tavo  small  squares  of  sidewalk  surface 
we're  put  down  in  1912  by  Mr.  Russell,  president  of  the  Vulcan 
Asphalt  Co.,  of  AVinnipeg.  Each  consists  of  about  sixteen  square 
feet  of  surface:  one  near  the  sonth-west  corner,  the  other  near  the 
north-west  corner  of  Jasper  Avenue  and  101st  Street.  At  a  some- 
what later  date  another  sciuai'c  of  sidewalk  was  laid  near  the 
corner  of  Jasper  and  Xanuiyo  by  the  Nakamnn  Asphalt  &  Oil 
Com])any.  These  pieces  of  sidewalk  are  still  in  place,  and  form 
interesting  evidence  of  the  succession  of  attempts  that  have  been 
made  to  further  the  development  of  the  bituminous  sand  deposits. 
Quite  a  pretentions  piece  of  experimental  construction  Avas  under- 
taken in  IDIT)  by  the  Federal  Government.  The  undertaking  was 
engineered  by  S.  C.  Ells,  a  menil)er  of  the  staff  of  the  Mines 
Branch.  Dei)ai-tment  of  Mines,  at  Ottawa,  who,  since  1913,  has  been 
closely  associated  with  the  study  of  the  Alberta  bituminous  sand 
deposits.  About  twenty  tons  of  bituminous  sand  were  mined  near 
Fort  McMurray  and  transported  by  team  to  Athabaska  Landing, 
and  from  there  by  rail  to  Edmonton.  The  bituminous  sand  was 
worked  up  into  pavement  aggregate  and  laid  on  a  concrete  foun- 
dation pre])ared  by  the  City  of  Edmonton  ahmg  a  stretch  of  G18 
yards  on  the  Fort  Trail,  commencing  at  S2nd  Street  and  118th 
Avenue.  The  stretch  is  divided  into  approximately  efjual  lengths 
of  sheet  asphalt,  asphaltic  concrete,  and  bithulithie  pavement.  The 
pavement  has  borne  fairly  heavy  tiafHc  since  it  was  laid,  and  is 
still  in  good  condition.  Finally,  during  the  construction  season  of 
l'.t-_l-_\  the  Citv  of  Edmonton  secured  two  carloads  of  bituminous 
sand,  and  with  this  material  laid  sheet  asphalt  surfaces  on  side- 
walks on  l()2nd  Avenue  between  lOOth  Street  and  99th  Street  and 
between  9Tth  Street  and  'M'Ah  Street;  on  104th  Avenue  between 
97th  Street  and  9(lth  Street,  and  on  9Gth  Street  just  north  and  south 
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of  the  C.  X.  11.  crossing.  The  trials  in  Kdnioiitoii  have  indicjited 
that  it  is  possible  to  make  serviceable  pavements  by  the  use  of  the 
Alberta  bituminous  sand.  The  sidewalk  surface  construction  under- 
taken by  the  City  of  Edmonton  in  10'2"2,  however,  is  the  only  work 
so  far  accomplished  which  thro\\s  light  on  the  (iiu'stion  of  whether 
construction  of  pavements  by  the  use  of  Alberta  bituminous  sand 
is  practicable  and  economical. 

A  sheet  asphalt  ])avement  mixture  consists  of  a  mixture  of 
sand  and  asphalt.  But  any  mixture  of  sand  and  asphalt  Avill  not 
do.  L(mg  experience  in  the  designing  of  ])avements  to  meet  the 
requirements  of  traffic  has  revealed  the  fact  that  the  sort  of  sand 
and  the  sort  of  asphalt  which  ai"e  mixed  together  to  make  an 
asphalt  pavement  must  be  (juite  carefully  watched  and  controlled. 
The  sand  must  be  of  the  right  coarseness  and  grading:  the  asphalt 
must  be  of  the  right  consistency  or  hardness.  Moreover,  the  sand 
and  the  asphalt  must  be  mixed  together  in  the  right  proportions. 
Experience  has  led  to  tlic  formulation  of  specifications  which 
define  by  fairly  narrow  limits  the  character  of  tlie  sand,  the  nature 
of  the  asphalt,  and  the  propoi'tions  of  mixing,  for  the  building  of 
an  asphalt  pavement.  If  these  specifications  are  followed,  a  good 
pavement  is  the  result;  if  they  are  disregarded  the  result  is  very 
likely  to  be  a  failure.  A  pavement  built  by  the  use  of  bituminous 
sands  is  not  free  from  the  limitations  set  by  experience  in  artificially 
mixing  asphalt  and  sand.  It  is  a  comparatively  simple  matter  to 
procure  sand  of  the  i)roper  grading,  to  buy  asi)lialt  of  a  suitable 
nature,  and  to  mix  the  tAvo  together  in  the  right  pi'oi)ortions.  It  is 
a  much  more  com])licated  matter  to  commence  with  bituminous 
sand,  and  to  then  doctor  it  up  by  additions  and  modifications  till 
a  final  product  is  obtained  which  has  a  composition  that  corresponds 
with  sheet  asphalt  specifications.  The  Alberta  bituminous  sand, 
for  instance,  contains  a  sand  that  is  much  too  fine,  and  an  asi)halt 
that  is  much  too  soft.  Furthei",  the  asphalt  is  present  in  too  lai'ge 
a  proportion.  Very  matei'ial  moditication  of  the  nature  of  the 
bituminous  sand  nnist  be  etl'ected  if  a  suitable  })aveuient  is  to  result 
from  its  use.  Plxtra  sand  nuist  be  added  to  bring  down  the  content 
of  asphalt  to  the  right  ^alue.  Moreover,  this  extra  sand  must  be 
so  chosen  as  to  correct  as  far  as  possible  the  fault  which  the  natural 
sand  content  of  the  bituminous  sand  has  of  being  too  fine.  There 
will  still  remain  the  defect  that  the  asphalt  contained  in  the  bitu- 
minous sand  mixture  is  too  soft.  This  defect  must  l)e  overcome 
by  a  special  heat  treatment  of  the  mixture  whereby  some  of  the 
asi)halt  will  be  volatilized  and  the  harder  portions  only  of  the 
asphalt  retained.  Complicated  procedures  are  more  expensive  to 
carry  out,  and  harder  to  accom|)lish  successfully,  than  are  simpler 
ones.  For  this  reason  the  use  oi"  bituminous  sand  is  at  a  disadvan- 
tage in  comi)ai'ison  with  the  siuinic  procedure  of  uiixiiig  together  a 
suitable  sand  and  asphalt. 


I)ni  -MiNois  Sanp  Sm:i;r  AseiiAi.r  Sn)i:\\  ai.ks 

A    full  account   of  (he  details  of  tlic  construction  of  the  bitu- 
minous  sand    slu'ct    asphalt    sidewalks    lias    lu-cn    prepared    by    Mr. 
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C.  C.  Sullu'rland.  of  tlic  (^ity  Eno:inoer's  staff,  City  of  Edmonton, 
and  will  bo  pnblisliod  in  The  Canadian  Enirineer.  Only  a  brief  ont- 
line  of  the  work  will  be  <iiven  in  tliis  report. 

A  shipment  of  about  twenty  tons  of  bituminous  sand  Avas 
delivered  to  the  City  of  Edmonton  ]-)avin!2:  phmt  in  August  hist. 
This  material  was  boutrht  from  the  McMurray  Asphaltum  &  Oils, 
Ltd.,  at  AVnterways,  Alta.  Representative  samples  of  the  shipment 
were  taken  durin<r  the  process  of  unloading,  and  submitted  to  the 
In(histrial  Research  Laboratories  for  examination.  Tests  showed 
that  the  mat^'rial  contained  on  the  average  20%  of  bitumen.  The 
sand  constituent  Avas  very  fine,  consisting  of  about  15%  of  silt 
])assing  a  200-mesh  sieve,  and  approximately  equal  parts  of  sand 
l)ai-ticles  ivtained  on  the  100  and  200-mesh  sieves.  The  bitumen 
contained  in  the  bitiuninous  sand  was  A^ery  soft  in  com])arison  Avith 
asphalt  used  for  paving  Avork,  Making  use  of  the  results  of  the 
tests  on  the  samples  of  the  shipment,  and  of  mechanical  analyses  on 
stocks  of  sand  at  the  paving  plant,  a  combination  of  bituminous 
sand  and  sand  used  for  concrete  was  deduced  Avhich  gave  a  mixture 
ai)proac]iing  fairly  well  a  standard  sheet  asphalt  mixture.  Some 
Portland  cement  Avas  also  added  to  the  combination  to  serve  as 
filler.  A  small,  heated,  rotary  mixer,  used  for  mixing  the  material 
for  the  bituminous  and  pavement  laid  by  the  Dominion  Department 
of  Mines  in  1915,  Avas  secured,  and  used  again  for  preparing  the 
aggregates  for  the  bituminous  sand  sidewalks.  Batches  of  about 
1.000  ]>ounds  Avere  liandled  at  a  time,  and  Avere  mixed  and  heated 
during  ])eriods  ranging  from  30  to  60  minutes.  This  operation 
caused  the  eva])oration  of  about  10%  of  the  bitumen  contained  in 
the  mixtui-es.  and  caused  a  hardening  of  the  bitumen.  After  the 
mixing  and  healing,  the  bituminous  sand  mixtures  were  hauled  to 
the  sidewalks,  and  spread  and  rolled  in  the  waA'  sheet  asphalt  is 
laid.  Tavo  stretches  of  bituminous  sand  sidewalk  AA'cre  built,  one 
on  the  north  side  of  102nd  Avenue  between  99th  and  100th  Streets, 
and  the  other  on  the  nortli  side  of  the  same  avenue  96th  and  9Tth 
Streets.  Both  sidewalk  surfaces  were  laid  on  old,  compacted, 
cinder  foundations.  The  finished  sidcAvalks  had  a  good  appear- 
ance, antl.  although  a  little  soft  for  sheet  asphalt,  Avill  probably 
l)ro\H'  (piite  satisfactory. 

A  second  carload  of  bituminous  sand  Avas  sent  to  the  City  in 
Septemlxu".  Examination  of  this  shipment  shoAved  an  aA-erage 
bitumen  content  of  17%.  The  bitumen  Avas  still  softer  than  that 
contained  in  the  first  carload;  the  sand  constituent  was  consider- 
ably finer,  and  contained  OA'er  20%  of  silt.  This  shipment  Avas 
made  up  into  sheet  asphalt  in  much  the  same  Avay  as  the  first. 
SideAvalks  on  fresh  cinder  foundations  were  laid  on  104th  Avenue 
betAveen  96th  and  97th  Streets,  and  on  96th  Street  inmiediately 
north  and  south  of  the  C.  X.  R.  crossing.  These  sidcAvalk  surfaces 
turned  out  to  be  much  softer  than  those  prepared  from  the  first 
carload  of  bituminous  sand. 

A  feAv  remarks  by  Avay  of  explanation  of  the  softness  of  the 
surfaces  prepared  from  the  second  carload  of  bituminous  sand 
should  probably  be  offered.  As  already  mentioned,  the  second  ship- 
ment of  material  contained  a  very  soft  bitumen  and  Aery  fine  sand. 
These  features  would  naturally  tend  towards  the  production  of  soft 
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pavement  mixtures.  This  tendency  was  probaljly  exaggerated  by 
a  change  that  was  n:ade  in  the  heating  of  the  batclies  in  the  rotary 
mixer.  In  order  to  cut  down  tlie  time  of  mixing,  the  firebox  was 
modified  in  a  wa}"  that  was  calculated  to  give  much  more  intense 
heating.  It  seems  probable  that  the  desired  result  was  not  secured, 
and  less  evaporation  and  hardening  of  the  bitumen  was  secured 
than  in  the  case  of  batches  })repared  from  the  material  in  the  first 
shipment. 

Cost  of  the  Bitimixous  Sand  Sheet  Asphalt  Sidewalks 

The  deciding  factor  of  practical  suitability  of  the  crude  All)erta 
bituminous  sands  for  pavement  construction  is  the  cost  of  such 
construction  in  comparison  with  the  cost  of  equivalent  construction 
by  means  of  imported  asphalt  and  the  procedure  ordinarily  prac- 
tised. The  nature  of  the  bituminous  sand  makes  its  employment 
for  pavement  i)urposes  a  more  troublesome  and  complicated  affair 
than  the  established  method  of  building  bituminous  pavements. 
But  if  a  real  saving  in  money  can  be  gained  by  the  use  of  the 
bituminous  sand,  the  difficulties  attending  its  use  can  be  faced  and 
overcome.  If,  however,  there  is  little  or  no  saving  of  money  to  be 
made,  the  case  will  have  to  l)e  decided  against  the  practical  suit- 
ability of  crude  bituminous  sand  for  i)aven;ent  work. 

A  direct  comparison  of  the  cost  of  construction  of  a  sheet 
asphalt  sidewalk  surface  by  the  use  of  bituminous  sand  with  the 
cost  of  the  same  sidewalk  constructed  by  means  of  imported  asphalt 
presents  a  difficulty.  It  is  not  possible  to  employ  the  same  ecjuip- 
ment  for  both  methods  of  construction:  conseciuently  the  question 
arises  whether  costs  corresponding  to  the  two  equipments  used 
form  a  fair  basis  of  comparison.  Bituminous  sand  could  not  be 
handled  in  the  standard  as})halt  plant,  which  is  designed  to  heat 
and  mix  impoited  asi)halt  and  clean  sand.  But  imported  asjihalt 
and  clean  sand  could  be  mixed  in  a  plant  designed  to  handle  bitu- 
minous sands.  Table  IX.  gives  the  items  of  cost  of  building  the 
sheet  asi)halt  sidewalk  surfaces  from  imported  asphalt  and  sand 
mixed  in  the  bituminous  sand  mixing  ])lant.  as  well  as  the  cost  of 
building  it  from  these  nuiterials  mixed  in  the  standard  asi)halt 
plant.  Two  means  of  comparison  of  the  cost  of  bituminous  sand 
construction  with  the  cost  of  construction  with  imported  asphalt 
are  thus  provided. 

One  of  the  cost  items  given  in  Table  IX.  should  be  explained. 
The  high  cost  item  for  plant  rental,  etc.,  for  the  snuill  rotary  mixer 
used  for  handling  the  bituminous  sand  aggivgates,  as  compaivd 
to  the  same  cost  item  for  the  standard  asphalt  plant,  looks  un- 
reasonable. It  must  be  remembered.  howe\er.  that  the  cost  items 
are  reckoned  on  the  basis  of  cost  per  stpuire  foot  of  sidewalk  surface 
constructed.  The  greater  relative  capacity  of  the  standard  plant 
for  output  of  aggregate  accounts  for  the  difference  in  cost  for 
rental,  etc..  that  must  be  charged  against  a  s(|uare  foot  of  surface. 

Some  interesting  obser\ations  cww  Ik-  madi'  from  the  informa- 
tion contained  in  Table  IX.  The  third  column  of  figures  shows 
that  the  cost  of  the  sheet  asphaU  sid»'walk.  if  l»uilt  in  the  customary 
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way   from   imporiod  as])lialt.  is  dixiiU'd   hi'lwecn   the  xarioiis  itx'ins 
of  expense  as  follows: — 

Imported   Asphalt 16^ 

Mineral  Aggregate 10^ 

Labor: 

Preparation   of  subgrad e 1 3 'f 

Hauling  and    laying 30 

Labor   at    plant 23  66)^ 

Plant    Overhead S^i 

TaIU.K     IX. — COMPAKATIVK     CoST     OF      SlIEET     AsPIIALT     SiDEWALKS 

l*i;F.rAHi:i)  fijo-M  Brn  ^iinois  Sand  and  i  koai  Tau'ohted  AsniAi/r 

Actual  cost  of  the  bituminous  sand  sheet  asphalt  sidewalks  is  item- 
ized in  the  first  column  of  figures.  The  second  and  third  columns  contain 
corresponding  items  of  cost  for  a  similar  sheet  asphalt  sidewalk  prepared 
from  imported  asphalt,  and  mixed  in  the  small  plant  used  for  the  bitu- 
minous sand  and  in  the  standard  asphalt  mixing  plant,  I'espectively.  This 
table  of  cost  data  has  been  compiled  by  the  City  Engineer's  Department, 
?](lmonton.  Alberta. 


Bituminous    Sand 

Sheet      Asphalt 

Sheet      Asphalt 

Sheet     Asphalt 

Sidewalk:                     Sidewalk: 

Sidewalk: 

Aggregates    Mix- 

Aggregates    Mix- 

ed from  Imported 

Items  of  Cost 

Aggregates    Mix- 

ed from  Imported 

Asphalt    and    Lu- 

ed    in    Small    Ro- 

Asphalt   and    Lo- 

c a  1     Sand     in 

tary  Heater. 

cal  Sand  in  Small! Standard  Asphalt 
Rotary  Heater.      Plant. 

Cents  per  sq.  ft. 

Cents  per  sq.   ft.  Cents  per  sq.   ft. 

Preparation  of   Sub- 

crrade    

2.00 

2.00 

2.00 

Binder    Cou -se, 

?4-Jn.    thick: 

Gravel    

0.58 
1.36 

0.73 

0.73 

Bituminous    Sand 

Local    Sand    

0.08 

0.12 

0.12 

Portland    Cement 

Filler  

0.27 

b!98 

Imported    Asphalt 

0.98 

Labor  at  Plant  .... 

1.84 

1.34 

1.77 

Hauling  and  Lay- 

ing     

2.39 

2.39 

2.39 

Plant  Rental, 

Fuel,  Oil   

1.07 

7  no 

1.07 

6  63 

0.59 

Tntal 

6  58 

Shfeet    Asphalt    Sur- 

face,    ?4  -in. 

thick: 

Bituminous    Sand 

2.72 

Local    Sand    

0.21 

0.46 

0.46 

Portland    Cement 

Filler  

0.57 

0.27 
i.55    . 

0.27 

Imported    Asphalt 

1.55 

Labor  at  Plant  .... 

i.34 

1.34 

1.77 

Hauling  and   Lay- 

ing     

2.39 

2.39 

2.39 

Plant  Rental, 

Fuel,  Oil   

1.07 

9  ?n 

1.07 

7  08 

0  59 

Total    

7  fl'l 

Total    Cost    of    Side- 

walk     

17.39 

15.71 

15.61 
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The  cost  of  asphalt  forms  a  coini^aratively  small  pai-t  of  the  price 
of  a  sheet  asphalt  sidewalk.  No  matter  how  cheaply  asphalt  could 
be  secured,  the  cost  of  a  sheet  asphalt  sidewalk  could  not  be  rad- 
ically reduced. 

Bituminous  sand  will  be  considered  for  pavement  construction 
if  it  provides  cheap  asphalt.  The  bituminous  sand  shipped  to 
P^dmonton  in  1922  cost  $10.50  per  ton.  The  cost  v.'as  made  up  of 
charges,  per  ton,  of  $5.00  for  minins;  and  loading,  $5.00  for  freight, 
and  $0.50  for  unloading.  At  the  price  of  $10.50  per  ton.  the  bitu- 
minous sand  proA'ided  asphalt  for  the  sidewalk  constructed  from 
it  at  a  cost  of  4.08  cents  per  s(piare  foot  of  sidewalk  surface.  Im- 
ported asphalt*  could  have  been  provided  for  2.53  cents  ])er  square 
foot.  For  the  bituminous  sand  to  have  been  on  an  e(iual  footing 
with  imported  asphalt,  it  should  have  been  secured  at  a  cost  of 
$0.50  per  ton,  unloaded  at  the  paving  plant. 

The  total  costs  given  in  Table  IX.  for  a  complete  sidewalk 
siiow  the  cost  of  the  sidewalk  to  be  greater  when  constructed  with 
bituminous  sands  than  when  constructed  with  imported  asphalt. 
It  may  be  argued  that  it  is  not  fair  to  compare  the  cost  of  bitu- 
minous sand  construction  when  using  a  small  and  more  or  less 
make-shift  mixer  with  the -cost  of  construction  with  imported 
asphalt  and  a  large,  eflicient  paving  plant.  One  could  nuiintain 
that  if  a  large  ])rogi'an)me  of  work  were  undertaken,  and  the  best 
of  e<|uipment  were  provided,  a  better  cost  for  bituminous  sand  con- 
struction would  result.  The  saving  in  cost  would  arise  through  a 
I'eduction  of  plant  labor  and  plant  overhead  charges  against  a  unit 
quantity  of  aggregate  mixed  in  the  plant.  But  it  is  also  true  that 
if  a  large  construction  programme,  using  imported  asphalt  and 
the  standard  i)aving  plant,  were  undertaken,  unit  plant  labor  and 
l)lant  overhead  charges  would  be  reduced.  These  items  of  cost  in 
Table  IX.,  last  column,  are  the  actual  costs  for  1922,  which  was 
a  slack  season  in  which  only  about  8,800  square  yards  of  asphalt 
repair  work  was  done.  It  would  appear,  consequently,  that  no 
matter  how  costs  are  compared,  pi'ovided  that  the  method  is  a  fair 
one,  consti'uction  by  means  of  bituminous  sand  will  jii-ove  to  be  at 
least  as  costly  as  by  the  establisluul  method  using  ini[)()rted  asphalt. 

It  must  be  clearly  borne  in  mind  that  sidewalks,  and  not  street 
pavements,  were  constructed  in  Edmonton  in  1922.  The  sidewalks 
constructed,  from  the  (ii'sl  shij)nient  of  bituminous  sand,  at  least, 
were  successful:  but  it  is  far  from  certain  that  the  same  material 
laid  as  a  street  pavement  would  have  withstood  vehicular  traflic. 
It  is  very  doubtful  whether  the  bituminous  sand  of  the  second 
shipment,  with  its  very  soft  bitumen  content  and  excessively  Hue 
sand  constituent,  could  possibly  have  been  nuide  into  a  sheet  asphalt 
aggregate  that  would  be  stable  enough  for  street  traffic.  It  is  true 
that  the  Dominion  Department  of  Mines  built  a  street  j)avement 
from  bituminous  sands,  that  the  pavement  has  successfully  with- 
stood faii'ly  heavy  traffic  for  seven  years,  and  that  it  is  still  in  good 
condition.  But  the  bituminous  sand  that  went  into  the  pavement 
consiste<.l  of  a  mixture  of  several  grades  of  matci-ial.  some  coarse 


*In    1922    the    City    of    EdmohtoTT    bought    asphalt    for    pavement    con- 
struction at  $42.95  per  ton,  f.o.b.   Edmonton. 
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and  some  finer,  and  so  chosen  that  they  would  combine  to  gixe  a 
sand  constituent  with  a  gradinjr  ai)i)roxinuUinir  that  demanded  by 
sheet  asphalt  pavement  specifications.  The  handlinir  of  bituminous 
sand  for  paving  work  is  complicated  enough  without  adding  the 
complication  of  securing  a  variety  of  grades  of  crude  material  for 
blending.  Also,  with  additional  complication  there  goes  additional 
cost.  Bituminous  sands  e.\ca>  ated  from  one  sand  working  will  not 
be  likely  to  give  a  material  that  can  be  made  up  into  a  safe  and 
satisfactory  sheet  pavin.g  aggregate.  It  would,  however,  be  able 
to  j)roduce  a  sufliciently  stable  aggregate  for  sidewalk  surfaces. 
Thei'e  are  many  makeshift  cinder  sidewalks  in  Edmonton  that 
could  lie  (uiiu'd  into  good  walks  by  a  surfacing  of  sheet  asphalt. 
There  is  a  strong  demand  in  the  city  that  something  of  the  sort 
be  done.  If  the  sheet  asphalt  surfacing  of  these  cinder  walks  were 
undertaken,  no  money  would  be  saved  by  the  use  of  bituminous 
sand.  On  the  other  hand,  if  the  cinder  sidewalks  were  surfaced  by 
sheet  asi)halt  mixtures  made  from  imported  asphalt  and  mixed 
in  the  paving  plant,  not  only  would  sure  results  be  obtained,  but 
the  paving  plant  ecpiipment  which  the  city  possesses  w'onld  be 
employed  more  nearly  to  capacity,  and  thereby  a  reduction  in  the 
unit  cost  of  pavement  work  would  be  secured. 


CoNCLirSION 

There  seems  little  j)ossibility  for  coucluding  otherwise  than 
that  the  utilization  of  o'ude  bituuiinous  sand  for  pavement  con- 
struction is  not  i)racticable.  The  asphalt  plants  ordinarily  used 
for  the  mixing  of  bituminous  pavement  aggregates,  and  possessed 
by  all  communities  that  have  built  bituminous  pavements,  are  not 
adaijtable  to  the  handling  of  bituminous  sand.  Plxtra  and  more 
complicated  eciuipiuent  would  have  to  be  ac(|uired.  The  i)rocedure 
for  mixing  suitable  paving  aggregates  from  bituminous  saud  is 
more  complicated  than  the  mixing  of  them  from  pure  asphalt  and 
clean  sand,  and  it  is  more  difficult  to  establish  a  standard  proce(birc 
and  to  secure  uniform  results. 

It  appears  necessary  to  further  conclude  that  l»itiuuinous  i)ave- 
ment  construction  otiers  no  outlet  for  crude  l)ituniinous  sand.  But 
it  is  not  necessary  to  conclude  that  i)avement  construction  will  not 
otfer  any  outlet  for  the  bitumen  which  the  bituminous  sands  con- 
tain. If  it  were  possible  to  supply  the  highway  engineer  with  a 
separated  and  properly  prei)ared  bitunnnous  sand  asj)halt,  instead 
of  merely  the  ci'ude  bituiuinous  sand,  the  case  would  be  entirely 
changed."  There  would  then  be  no  dilliculties,  such  as  modified 
paving  jdants  and  changed  i)rocedui('.  It  would  simply  be  a  case 
of  substituting  in  the  ordinary  procedure  an  asphalt  produced  at 
home  for  one  that  wa^  formerly  im])orted.  If  the  bitumen  can  be 
successfully  separated  from  the  bituminous  sands,  and  can  be  refined 
into  a  product  eciuivalent  to  the  asphalt  imported  for  paving  work, 
and  at  a  cheaper  i)rice,  then  pavement  construction  can  be  looked 
to  as  a  substantial  outlet  for  a  conunercial  product  obtainable  from 
the  bituminous  sands. 
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BITUMINOUS  SAND  AND  THE  RURAL  ROAD 

It  was  stated  in  the  introduction  to  this  report  on  the  subject 
of  bituminous  sands  that  the  sohition  of  the  pi-oblem  of  the  coni- 
niercial  development  of  the  bituminous  sand  deposits  was  two-fold 
in  nature:  that  it  involved  the  separation  of  the  bitumen  from  the 
sand,  and  then  the  findiiio;  of  a  real  use  for  the  separated  bitumen. 
The  efforts  of  the  Industrial  Research  Department  to  find  a  separa- 
tion process  have  been  described.  It  now  remains  to  discuss  what 
has  been  done  towards  finding  a  use  for  the  product  of  the  separa- 
tion process.  Enough  has  been  alread}'  hinted  to  indicate  that  the 
efforts  to  this  end  have  been  in  the  direction  of  prairie  rural  high- 
way construction. 

The  earth  road  or  some  modification  of  it  will  always  be  the 
predominating  type  of  prairie  rural  road.  This  state  of  affairs 
seems  inevitable,  since  earth  is  the  only  material  which  nature  has 
supplied  out  of  which  the  majority  of  prairie  roads  can  be  built. 
Those  occasional  localities  which  are  especially  favored  by  a  deposit 
of  gravel  can  surface  some  of  their  roads  near  the  deposit  with 
gravel.  Some  main  roads  will  become  so  important  that  they  will 
be  surfaced  at  great  expense  with  imported  materials.  But  the 
great  mileage  of  prairie  rural  i-oad  will  continue  to  be  built  of  the 
soil  through  wliich  it  runs. 

The  prairie  earth  road  is  often  a  very  good  road  under  favor- 
able conditions.  But  it  has  one  fatal  failing:  it  loses  all  its 
stability  when  it  gets  wet.  An  earth  road  would  be  a  very  much 
more  serviceable  type  of  road  if  its  characteristic  of  turning  into  a 
mud  road  in  wet  weather  could  be  eliminated.  There  is  consider- 
able hope  that  this  result  can  be  accom'plished  by  the  use  of  bitu- 
men— by  the  bitumen  which  can  be  se[)arated  from  the  bituminous 
sands. 

Laboratory  Exteriaients  with  Bitiminized  Earth  Mixtures 

A  series  of  soil  samples  were  collected  and  brought  to  the 
Industrial  Research  De]iartment  for  the  purpose  of  experiment. 
These  samples  were  taken  from  roadways,  and  were  chosen  to 
leiirescut  the  variation  of  soils  from  heavy  clay  to  fine  sand.  A 
series  of  test  mixtures  were  made  from  each  soil  sample,  containing 
an  increasing  percentage  by  weight  of  crude  separated  bituuicn.* 
The  test  samples  were  prepared  by  first  wetting  the  soil  to  a  work- 
al)le  state,  and  then  incorporating  the  calculated  weight  of  bitumen 
into  the  wet  soil  by  kneading.  The  "wet"  separated  bitumen  mixed 
into  the  wet  soils  readily.  The  wet  bituuiiuized  soil  samples  were 
each  placed  in  a  small  box,  and  couipacti'd,  the  surface  being 
i-ounded  olf.  The  saiuples  were  then  allowed  to  dry.  The  dry 
bituiuinized  soil  samples  were  tested  for  resistance'  against  the 
disintegrating  action  of  water.  This  was  accomplished  by  exposin<T 
the  samples  to  a  spray  of  water.     It  was  found  that,  in  the  case  of 


^At  the  time  of  these  experiments  no  larpce  amount  of  separated  bitumen 
was  available.  Attempts  at  separation,  however,  had  produced  a 
limited  supply  of  a  crude  bitumen  containing  about  Ibf  of  sand  and 
20)?  of  water. 
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all  the  soils  ('xccpt  lu'avv  clays,  the  iiicorpoi-ation  of  from  5  to  10% 
of  the  cnulc.  scpjirated  hitiiineii  a\ailal)le  for  the  experiments 
siifliced  to  so  stahi'.i/e  the  soil  saiiii)le  that  it  would  withstand  wet- 
tiuij:  by  the  si)ray  of  the  hose  for  1.")  hours  without  any  tendency  to 
soften  or  turn  into  mud.  Heavy  clay  soils  recjuii'ed  the  aihlition  of 
15  to  -J(>%  of  the  separated  bitumen  to  accomplish  the  same  resultf- 
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The  laboi-atory  trials  at  stabili/.inir  ]>rairie  soils  by  means  of 
the  bitumen  separated  from  the  bituminous  sand  were  decidedly 
encourairiuii-.  A  practical  test  of  the  idea  by  means  of  an  ex})eri- 
mental  road  section  is  now  needed.  KSoniething  in  this  direction 
was  acconii)lished  last  fall.  Part  of  the  second  carload  of  bitu- 
minous sand,  ])urchased  by  the  City  of  Edmonton  for  use  as  side- 
\\;ilk  surfaciiiir  material,  was  used  in  a  trial  at  stabilizing  soil.  A 
(|iiantity  of  a  rather  clayey  soil  from  a  buildintj  excavation  in  the 
business  section  of  the  city  was  taken  to  the  city  pavin<>-  i)lant.  The 
soil  was  placed  in  a  mortar  mixing  box,  and  soaked  Avith  Avatei-. 
Bituminous  sand  was  heated  in  the  rotary  mixer  sufficiently  to 
.soften  it  and  break  down  lumps.  Apin-oximately  equal  volume 
of  wet  soil  and  bituminous  sand  were  placed  in  the  pug  mill  of  the 
|)a\ing  piaut.  and  thoroughly  mixed  into  each  other.  The  batches 
were  laid  as  a  stretch  of  sidewalk  on  104th  Avenue,  innnediately 
east  of  Dath  Street.  The  mixture  was  very  wet  and  soft  when  laid, 
but  dried  enougis  over  night  to  become  stiff  and  fairly  hard.  l'< 
cracked  a  good  deal  in  drying.  The  stretx'h  of  sidewalk  resisted 
several  periods  of  rainy  and  slushy  weather  without  turning  into 
mud.  It  can  not  be  said  that  it  did  not  soften,  however:  but  it 
made  a  vastly  better  place  to  walk  upon  than  did  the  slimy  mud 
that  was  abundant  elsewhere.  Analysis  showed  between  7  and  8% 
of  bitumen  in  these  bituminized  soil  mixtures. 

A  continuation  of  the  stretch  of  bituminized  earth  sidewalk 
on  lolth  Avenue  is  also  of  interest  in  this  connection.  Portland 
ceuicut  was  used  to  supply  extra  filler  to  the  sheet-asphalt  aggre- 
gates i)rei)are(l  from  the  shipments  of  bituminous  sand.  An  at- 
remi)t  was  made  to  see  if  clay  soil  could  be  substituted  \'ov  the 
l)ortland  cement.  It  was  considered  that,  if  wet  clay  soil  were  intro- 
duced into  the  sheet-asphalt  mixture,  the  very  fine  clay  i)articles 
would  be  loo.sened  from  one  another,  and  be  free  to  (lisi)erse  into 
the  bitumen  of  the  mixture  as  individual  particles  instead  of  as 
lumjis  of  (lav.  if  all  the  water  Avere  driven  off,  the  final  result 
would  be  siiiiplv  an  ordinary  sheet-asphalt  aggregate  with  clay 
instead   of   portlau.l    cement   :is   a    filler.      But,    unfortunately,   the 


tTwo  similar  sets  of  experiments  were  made,  using-  crude  low-temperature 
lignite-tar,  and  by-product  colce-oven  coal-tar,  instead  of  the  bitu- 
minous sand  asphalt.  The  results  were  quite  similar.  Neither  of 
these  tars  showed  the  bonding  action  in  the  soil  sample  that  was 
shown  by  the  samples  into  which  the  bituminous  sand  bitumen  had 
been  incorporated.  The  coal-tar  was  hard  to  mix  into  the  soils;  both 
the  bituminous  sand  bitumen  and  the  lignite-tar  mixed  very  readily. 
Both  these  latter  bitumens  h:ul  a  high  content  of  water. 
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action  of  the  mixer  was  such  that  the  cLia'  had  no  tendency  to  mix 
into  the  ajrgregate.  It  simply  hailed  np  and  rolled  around.  The 
hot  bituminous  sand  sheet-asphalt  mix  and  the  wet  clay  were  then 
transferred  to  the  pu<r  niill  and  mixed.  A  number  of  such  batches 
were  prepared,  and  laid  as  sidewalk  surface  on  104th  Avenue. 
These  batches  diffei'ed  from  those  mentioned  in  the  precding  para- 
graph in  that  they  contained  a  different  proi)orti()n  of  soil  to  bitu- 
minous sand.  Tlu'v  were  more  like  sheet-asj)halt  aggregates  that 
contained  a  high  proportion  of  cla}'  filler  and  that  had  been  mixed 
wet  instead  of  by  means  of  heat.  The  content  of  bitumen  was 
between  10  and  11^.  The  batches  were  brown  in  color  when  laid 
and  rolled  into  shape  on  the  sidewalk.  As  they  dried  they  turned 
black,  did  not  crack,  and  because  very  hard  and  stable.  This  stretch 
of  sidewalk  resisted  the  action  of  the  rain  and  the  slushy  Aveather 
without  any  sign  of  softening.  Tt  is  not  unlikely  that  the  sidewall' 
obtained  by  these  wet-mixed  aggregates  will  prove  to  be  the  most 
satisfactory  sidewalk  laid-  from  the  second  carload  of  bituminous 
sand. 


Conclusion 

Bituminized  earth  aggregates  can  be  of  two  types  or  natures, 
de}HMiding  on  the  (juantity  of  bitumen  that  is  incorporated  into 
theui.  ^^'hen  a  small  {)ercentage  of  a  bitumen,  such  as  that  sep- 
arated froui  the  bituminous  sand,  is  inc()ri)orated  into  a  wet  soil, 
the  bitumen  apparently  dis})erses  through  the  soil  mass,  and  spreads 
onto  the  surfaces  of  the  soil  particles.  When  the  bituminized  soil 
dries,  it  still  has  most  of  the  characteristics  of  the  original  soil.  It 
is  not  softened  by  heat,  and,  if  allowed  to  dry  in  compact  fonn,  the 
lumps  are  hard,  and  break  as  if  composed  of  untreated  soil.  The 
givat  difl'erence  between  the  bituminized  soil  and  the  original  soil 
is  in  their  beha\ior  towards  water.  A  lum[)  of  the  original  soil 
will  soak  u})  water  readily  and  soften;  the  bituminized  soil  tends 
to  shed  water,  and  to  keej)  it  from  penetrating  the  mass.  As  the 
percentage  of  bitumen  incorporated  into  the  soil  is  increased,  the 
condition  of  each  soil  particle  being  merely  thinly  filmed  over  with 
bitumen  is  })assed,  and  an  excess  of  bitumen  is  contained  in  the  mix- 
ture. If  the  bituminized  soil  is  then  compacted,  it  })resses  into  a 
solid,  dense  mass.  Such  a  l)ituminized  soil  has  departed  from  the 
nature  of  the  original  soil.  It  will  soften  on  application  of  heat, 
and  will  (low  and  mould  under  pressure.  It  is  also  (juite  impervious 
to  watei'.  These  two  types  of  bituminized  earth  aggregate  are 
fairl\  well  illustrated  by  the  two  aggregates  prepared  from  the 
bituminous  sand,  and  laid  on  l()4th  A\enue.  These  two  ty[)es  of 
bituminize'd  soil  aggregate  suggest  a  procedure  for  road  construc- 
tion, consisting  in  i)ro\i(ling  a  rigid  and  water-resisting  foundation 
of  soil  containing  a  small  ix'i'ccntagc  of  bitunn'U,  and  then  cap[)ing 
this  foundation  by  a  surfiuc  layer  of  soil  made  dense  'and  im- 
pervious to  water  i»y  the  incorpoi-at ion  of  a  siidiciently  large  ])er- 
centage  of  bitumen. 

It   is  tlu'  intention  of  the    Iiidu>trial    Koearch    Department  to 
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build,  during  1023,  a  stretch  of  exi)oriniental  liituniinized  oartli 
I'oad.  Mention  has  been  made  of  a  stock  of  about  100  tons  of  bitu- 
minous sand  on  hand  for  a  try-out  of  a  separation  ])h»nt.  If  the 
})]ant  Avorks  successful!}',  a  sup})ly  of  some  15  to  20  tons  of  sep- 
arated bitumen  will  be  secured.  This  woidd  be  enough  to  construct 
a  considerable  stretch  of  roadway. 

The  idea  of  bituminized  eai'th  roads  is  not  new.  Oiled  earth 
roads  and  bituminized  earth  roads  have  been  constructed  in  various 
])arts  of  the  Thiited  States  with  varying  degrees  of  success.  The 
subject  of  bituminized  earth  aggi'egates  has  been  given  some  study 
by  the  U.  S.  Bureau  of  Roads  at  Washington.  In  the  light  of  what 
has  been  found  out  elsewhere,  and  of  what  we  are  finding  out.  it 
is  hoped  that  the  bituminized  earth  road  can  be  adapted  to  our  own 
])articu]ar  conditions,  and  that  it  will  prove  to  be  a  i)ractical  solu- 
tion of  the  rural  highway  construction  })i-()blem  of  Alberta. 


SUMMARY 

It  has  been  the  purpose  of  the  foregoing  i-eport  to  give  an 
account  of  the  activities  of  the  Industrial  Research  Di'i)artment 
towards  the  solution  of  the  problem  of  the  commercial  develojunent 
of  the  bituminous  sand  deposits  of  Alberta.  In  keeping  with  the 
conce])tion  of  the  tAvo-fold  nature  of  the  problem,  the  activities  of 
tiie  Department  have  been  directed  towards  the  devising  of  a 
scheme  for  the  separation  of  the  bitumen  content  of  the  bituminous 
sands  from  the  large  amount  of  sand  and  mineral  matter  with 
wliich  it  is  associated,  and  then  the  finding  of  some  use  of  wide 
application  for  the  bitumen,  when  separated.  There  is  good  reason 
to  believe  that  a  practical  method  of  separation  has  been  found: 
and  encouraging  indications  have  been  observed  that  bituminized 
earth  rural  road  construction  will  form  an  outlet  for  the  utilization 
of  the  bitumen  so  separated.  A  plant  is  in  process  of  being 
assembled  for  testing  out  the  separation  process  on  a  sufficiently 
large  scale  to  detei-mine  its  i)racticability.  Plans  for  the  cominir 
year  include  an  expei'imental  road  construction  project  to  ascertain 
whether  earth  roads  bituminized  by  bituminous  sand  bitumen  Avil! 
meet  the  requirements  of  rural  roads  in  Alberta.  It  is  hoped  thai 
in  the  P^ourth  Ann\uil  Report  of  the  Scientific  and  Industrial 
Research  (\)uncil  of  Alberta  a  satisfactory  account  can  be  given 
of  a  ])ractical  and  economical  method  of  bituminous  sand  sei)ara- 
tion,  and  of  an  ecpially  satisfactory  procechire  for  employing  tiie 
bitiuuinous  sand  bitumen  to  meet  the  rural  highway  construction 
ditlicuitics  of  (he  pi'airic  proxinces. 
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COAL  SAMPLES  AND  ANALYSES 


Analyses  of  two  classes  of  coal  samples  are  given  in  the  fol low- 
in  <r  tal)les.  The  first  class  consists  of  samples  taken  from  the  car- 
load consignments  received  for  testing  at  the  laboi'atories  of  the 
T'niversity.  This  coal  was  taken  at  the  mine  by  a  provincial 
ins])ector  of  mines,  and  represents  the  commercial  output  of  the 
mine  at  the  time.  Approximately  one  ton  was  cut  out  from  each 
carload  lot  (about  30  tons)  by  taking  a  shovelful  of  coal  at  regular 
intervals  as  the  coal  was  unloaded  from  the  carts  at  the  University. 
This  was  then  cut  down  in  the  Sturtevant  crusher-sampler  a- 
described  under  sami)ling  on  page  12.  The  coning  and  quartering 
method  used  last  year  was  superseded  in  May  of  this  year. 

The  second  class  of  samples  are  mine  face,  or  channel,  samples 
taken  from  a  working  face  of  a  mine  by  provincial  mine  inspectoi's 
to  represent  the  output.  The  method  adopted  is  that  described  in 
the  First  Annual  Keport  of  the  Council,  })ages  17  to  19.  It  should 
be  noted  that  the  sampler  is  instructed  to  exclude  from  his  sam])li' 
all  partings,  bone  coal,  slate,  etc.,  which  in  his  judgment  would 
be  rejected  by  the  miner,  and  not  included  in  the  commercial  shij)- 
ments  of  the  mine.  This  procedure  tends  to  result  in  mine  samples 
which  are  cleaner  than  the  commercial  shi])ments,  although  this  is 
not  always  the  case.  The  insi)ect()r  takes  one  or  more  samples  from 
each  mine  according  to  its  output.  In  the  larger  mines  he  takes 
his  samples  in  tlitl'erent  working  ai-eas  throughout  the  mine  in  such 
a  way  as  to  represent  as  closely  as  i)()ssible  the  average  product 
shipped. 

The  mine  inspectors  took  a  number  of  sjx'cial  samples  from 
mine  bins  and  tipples  for  comparison  with  the  regidar  channel 
samples.  These  were  aiinlysed.  but  the  analyses  ai'e  not  included 
in  the  tables. 

A  com])lete  proximate  analysis  was  made  of  all  the  samples 
submitted.  The  carload  sauples  and  sami)les  from  the  Penn  mine 
wei-e  analy/.e(l  in  the  Industrial  Kesearch  Department.  Other 
samples  were  analyzed  for  the  I*i-ovincial  Mines  lii'anch  bv  Mi-. 
J.  A.  Kelso,  Provincial  Analyst.  In  compiling  the  tables,  the 
samples  ai-e  arranged  geogi-ai)hically.  classified  according  to  (lie 
areas  in  which  tliey  occur.  A  spccilic  name  is  given  each  mine,  a> 
well  as  the  munbei-  of  the  mine  in  the  records  of  the  Provincial 
Mines  Hi-auch.  ^^'hen  more  than  one  regular  sample  has  been  taUen 
from  a  mine  at  the  same  time,  the  residts  are  averaged,  and  onl\- 
the  a\erage  analysis  is  given.  The  number  of  samples  represented 
by  this  average  is  stated.  All  sam|)les  weiT  aii'-dried  by  exjxjsure 
(o  the  air  in  the  laboratory  until  tlie  loss  in  weight  became  neirli- 
gible.  The  percentag«>  moisture  loss  during  air-drying  is  stated. 
The  other  analyses  are  those  obtained  on  the  air-dry  coal.     The 
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fuel  ratio  (}iiote'l  for  viwh  s;iiiii)k'  is  the  ratio  obtained  by  dividinji: 
its  percentaire  of  fixed  carbon  by  that  of  its  volatile  matter.  This 
ratio  sives  an  indication  of  the  nature  of  the  coal. 

Tlie  table  of  typical  analyses  from  each  of  tlie  [)iiMri|);iI  coal- 
l)r()dMrinii'  areas  of  the  i)rovince  Avas  prepared  from  the  analyses 
publisluMl  by  the  Council  (bn'inii'  tlie  past  three  years.  The  h)ss  on 
air-dryin"'  iJ:ives  the  i)ercentac;e  of  moisture  lost  when  the  oriirinal 
sample,  as  taken  from  the  mine  and  shipped  in  a  sealed  container, 
is  air-dried.  All  other  analyses  are  on  the  air-dry  coal.  It  is  hope(' 
to  replace  this  table  later  on  by  one  based  on  a  lar^jer  number  of 
samples,  but  if  will  serve  for  the  present,  at  least,  to  indicate  the 
variations  in  the  nature  of  the  coals  from  the  dill'erent  areas.  The 
tables  were  compiled  by  Mr.  J.  B.  Coghill. 


.Jasper  PArac 
Area 

S.vrxDEKS   C'ri;kiv 
Area 

No.  and  Name  of  Mine  .. 
Name  of  Operator 

Location  of  Mine 

No.  429,  Brule 

Blue      Diamond      Coal 

Co.,  Ltd. 
Brule    Mines 

No.   823,  Harlech 
Harlech  Coal  Co.,  Ltd. 

Harlech 

Loss^  on  Air  Drying ^ 

Proximate  Analysis, 
(air  dry  coal) 

Moisture ^*- 

Ash 'i 

Volatile  Matter '^' 

Fixed  Carbon % 

Sulphur    '^ 

1.2 

1.9 
17.3 
18.1 
02. 7 

12,460 

3.5 

1.3 

5.3 

9.7 

32.6 

52.4 
0.5 

Calorific  Value,  gross, 

B.T.U.  per  lb. 

Fuel  Ratio 

11,390 
1.6 

Kind   of   Sample 

Sample  taken  by 

Date  of  Sampling 

Car     load     commercial 

sample 
W.    Shaw 
December,    1921 

Average   of   3   channel 

samples 
,j.  A.  Richards 
October,  1922 

Y  VAAA  )\V  1 1 KAD     Pa  SS 

Area 

Di;rMiiKi>i>ER 
Area 

No.  and  Name  of  Mine.... 

Name  of  Operator 

Location  of  Mine 

No.    1002,   Coal   Valley 

(stripping  pit) 
Coal  Valley  Mining  C">. 
Mile  48,   Lovett  Branch 

No.   402,  Monarch 
North     American     Col- 
lieries, Ltd. 
Nacmine 

Loss  on  Air  Drying ^ 

Proximate  Analysis: 
(air  dry  coal) 

Moistui-e '' 

Ash ^ 

Volatile  Matter ^ 

Fixed  Carbon < 

Sulphur    % 

6.2 

2.3 

9.0 

35.8 

52.9 

0.5 

11,800 
1.5 

9.4 

6.9 
10.6 
34.6 
47.9 

Calorific  Value,  gross, 

B.T.U.  per  lb. 

Fuel  Ratio 

10,746 
1.4 

Kind   of  Sample 

Channel  sample 

T.  Home 
December,   1922 

Car     load     commercial 

Sample   taken    by 

Date  of  Sampling 

sample 
D.   Shanks 
January,    1922 
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Big  Valley 
Area 

No.  and  Name  of  Mine..  . 
Name  of  Operator 

Iiocation  of  Mine 

No.  364,  Big  Valley 
Big    Valley    Collieries, 

Ltd. 
Big  Valley,  Alta. 

5.9 

16.0 
12.5 
30.3 
41.2 

8,900 
1.35 

Loss  on  Air  Drying 1^ 

Proximate  Analysis: 
(air  dry  coal) 

Moisture i 

Ash .f 

Volatile  Matter % 

Fixed  Carbon.. » 

Sulphur    1, 

Calorific  Value,  gross, 

B.T.U.  per  lb. 

Fuel  Ratio 

^'This    sample    of    coni 
was  screened  over  a 
lV2-in.     bar    screen, 
as  it  was  being  load- 
ed into  the  car,  this 
being  the  usual  prac- 
tice at  this  mine  for 
R.O.M.   shipments. 

Kind   of  Sample 

Sample   taken    by 

Date  of  Sampling 

Car     load     commercial 

sample* 
M.   Cranston 
October,  1922 

Pemiuna- Wabaml  N 
Area 

Ed.m  <)>,  T(  )N -C'lo\er 
Bar  Area 

No.  and  Name  of  Mine.... 

Name  of  Operator 

location  of  Mine 

No.  419,  Lakeside 
Lakeside  Coals,  Ltd. 
Wabamun 

7.5 

14.0 

8.0 
32.6 
45.4 

0.3 

9,750 
1.4 

No.   632,  Penn 
Crown  Coal  Co.,  Ltd. 
Edmonton 

Loss  on  Air  Drying "^ 

Proximate  Analysis: 
(air  dry  coal) 
Moisture % 

8.3 

17.7 

7.1 

30.5 

44.7 

9,510 
1.45 

Ash < 

Volatile  Matter f 

Fixed  Carbon '? 

Sulphur    i, 

Calorific  Value,  gross, 

B.T.U.  per  lb. 

Fuel  Ratio 

Kind  of  Sample 

Sample  taken   by 

Date  of  Sampling 

Average   of   3   channel 

samples 
W.  Shaw 
November,    1 922 

Average   of   5   channel 

samples 
W.  Shaw 
December.   1922 
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LIST  OF  PUBLICATIONS 


ANNUAL  REPORTS  OF  THE  SCIENTIFIC  AND  INDUSTRIAL 
RESEARCH  COUNCIL  OF  ALBERTA 


Report  No.  3   (for  the  calendar  year  1920)  ;  pp.  36. 

Report  No.  5  (1921)  ;  pp.  86. — Reviews  of  the  work  done  during  1921 
under  the  auspices  of  the  Research  Council.  This  includes: — the  sampl- 
ing, screening,  storage  and  carbonization  of  Alberta  coals,  and  their  use 
in  boilers;  tests  on  household  furnaces;  geological  reconnaissance  in 
Alberta;  the  Athabaska  district  bitumious  sand  and  its  commercial 
development;  road  materials;  forest  products;  salt  at  Fort  McMurray; 
analyses  of  coal  samples  taken  by  the  Mines  Branch  of  the  province 
during  the  year. 


ANNUAL  REPORTS  ON   THE   MINERAL   RESOURCES  OF  ALBERTA 
By   Dr.   J.   A.    Allan,    Professor    of   Geology,   University    of    Alberta. 


Report  No.  1  (1919);  pp.  104. — A  summary  of  information  collected 
with  regard  to  the  mineral  resources  of  Alberta. 

Report  No.  2  (1920);  pp;  1384-14. — Supplements  the  infoi'mation 
contained  in  Report  No.  1. 

Report  No.  4  (1921),  GEOLOGY  OF  THE  DRUMHELLER  COAL 
FIELD,  ALBERTA;  pp.  72,  and  6-colour  map   (Serial  No.  1).  Price  $1.00. 

Report  No.  6  (1922,  Pt.  L),  GEOLOGY  OF  THE  SAUNDERS 
CREEK  AND  NORDEGG  COAL  BASINS,  ALBERTA,  by  J.  A.  Allan  and 
R.  L.  Rutherford;  pp.  7G,  and  2-colour  map  (Serial  No.  2.).  A  prelim- 
inary report  on  the  stratigraphy  of  the  coal  measures  mined  along  the 
Brazeau  Branch  of  the  Canadian  National  Railways. 

Report  No.  7  (1922,  Pt.  II.).  AN  OCCURRENCE  OF  IRON  ON  THE 
NORTH  SHORE  OF  LAKE  ATHABASKA,  by  J.  A.  Allan  and  A.  E. 
Cameron;  pp.  40,  two  maps  (Serial  Nos.  3  &  4). — Chapter  I.  deals  with 
the  association  of  iron  minerals  in  pi-e-Cambrian  rocks  in  the  vicinity  of 
Fishhook  Bay.  Chapter  II.  deals  with  the  problems  of  transportation, 
smelting  and  markets. 


